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.1  Th*  EGF-r*a«ptor  klnaa*:  Struotur*,  arolutlon  and  propartlaa  of  varloua  monptor 
■utants,  J.  Soblaaalncer,  SiTlalon  of  Molaoular  Bloloo,  Rasaaroh,  Maloy  Laboratorlaa,  t 
Raaaaroh  Court,  ■ookrllla,  HD  20850 

Tha  BOF-raoaptor  la  a  1T0  ED  naabrana  slFOoprotaln  uhlob  baa  3  aajor  funetlonal  doaalaa,  a 
xtraoallular,  cljooaylatad  EQF-blndlnc  doaalo,  a  alnsla  bydropboblo  traaaHMabraoa  melon  and  a 
oytoplaaBlo  klnaaa  doaaln.  Tba  aztraeallular  doaaln  of  BOF-raoaptor  oontalna  2  eyatalna  rtob 
oluatara  uhlob  mraal  Intamal  boaolo0  and  mpatltlon  of  tba  oyatalna  raalduaa.  Quaatlooa 
oonoamlnc  tba  aaobanlai  of  action  and  resulatlon  of  EGF-raeaptor  uam  addmaaad  by  axplorlnc 
propartlaa  and  eallular  affaota  of  varloua  BOF-raoaptor  autanta  Introduoad  Into  oulturad  oalla 
llnaa.  Tranalant  axpmaalon  of  intact  BOF-mooptor  and  varloua  BQF-raoaptor  autanta  In  COS-1 
oalla  uaa  aohlavad  by  ualng  ahuttla  vaotor  oont'lnlnc  tha  ST-kO  orleln  of  mplloatloo.  Tba  aaaa 
vaotor  tosatbar  with  tba  C8FR  gana  Mm  uaad  to  obtain  atabla  call  llnaa  azpmaalns  diffamnt 
aaounta  of  EOF-rooaptor  and  Ita  varloua  autanta  In  C80  oalla,  uhlob  am  noraally  devoid  of 
EGF-raoaptor .  1  ratrovlral  ahuttla  vaotor  uaa  uaad  to  azpmaa  Intaet  BOF-raoaptor  and 
EOF-raoaptora  autanta  In  HIH-3T3  oalla  and  for  obtaining  mtrovlruaaa  containing  aaquonooa 
coding  for  tba  Intaot  raoaptor  and  Ita  varloua  autanta.  Initially  m  bava  ganaratad  oonatruota 
vlth  dalatlona  la  tha  oytoplaaalo  doaaln  of  the  EOF-raoeptor  Including  a  raoaptor  autant  wbleh 
baa  only  8  aaino  aolda  In  tha  oytoplaaalo  doaaln  (devoid  of  Tbr  65k).  Ha  bava  alao  Introduoad 
apaolflo  llnkara  Into  diffamnt  matrlotlon  altea  along  tba  full  alaa  oDM  of  EGF-raoaptor. 
Oalng  tbla  approach  ua  bava  axplorad  the  mla  of  varloua  receptor  doaalna  in  tha  regulation  of 
raoaptor  Intamallaatlon,  andooytoala  and  tmnafomation. 


.2  RECONSTITUTICN  OF  THE  DELIPIDATED  6-ADRENERGIC  RECEPTOR  WITH  THE  DELIPIDATED  0*:  REQUIRE¬ 

MENTS  FOR  SPECIFIC  LIPIDS.  Michael  Schran  and  Jorge  Kirllovsky,  Department  of  Biological 
Chemistry,  Institute  of  Life  Sciences,  Hebrew  University,  91904  Jerusalem,  Israel. 

Detergent  solubilized  preparations  of  the  S-adrenergic  receptor  (R)  and  of  the  regulatory  protein  (Gj) 
were  exterisively  delipidated  of  phospholipids  and  diolesterol.  Reconstitution  of  an  R-Gg  system  was 
subsequently  performed  in  presence  of  a  mixture  of  natural  phosphatidyl-ethanolamine,  -choline  and  -se¬ 
rine  or  the  synthetic  dioleoyl  derivatives  of  the  same  jrftospholipids.  In  both  cases,  an  additional 
lipid  was  required  for  the  agonist-dependent  activation  of  Gg.  The  requirement  could  be  fulfilled  by 
a-tocopherol  or  by  oleic  acid.  Cholesterol  and  cholesteryl  esters  failed  to  support  activity.  Inclu¬ 
sion  of  the  non-phospholipid  lipid  in  the  reconstituted  system  enhanced  the  isoproterenol-dependent 
activation  of  Gj  16-35  fold.  Upon  relipidation  with  the  defined  phospholipid  mixture  plus  o-tocophe- 
rol  or  oleic  acid,  and  addition  of  isoproterenol,  the  kinetics  of  activation  of  G,  by  GTPyS  were  simi¬ 
lar  to  those  foind  in  native  membranes.  The  rate  was  largely  dependent  on  the  addition  of  the  agonist. 
Efficient  fvnctlonal  reconstitution  of  R-Gg  was  thus  achieved  in  a  totally  defined  lipid  system.  Ex¬ 
periments  designed  to  study  the  role  of  the  non-phospholipid  lipid  in  the  reconstitution  of  R-Gg  inter¬ 
action,  suggest  that  the  effect  of  this  lipid  is  not  eiqilained  by;  1)  enhancement  of  ligand  binding  to 
R;  2)  stabilization  of  the  system;  3]  irreversible  structural  changes;  4)  modification  of  vesicle  per¬ 
meability  to  CTPyS;  S)  modulation  of  average  fluidity.  It  is  tentatively  concluded  that  the  non-phos¬ 
pholipid  lipid  is  essential  for  finction  of  the  hormone-R  complex.  Further  experiments  suggest  that 
such  a  lipid  might  fulfill  the  same  role  in  native  membranes. 


.3  ANALYSIS  OF  cDNAs  FOR  THE  a  SUBUNIT  OF  G..  Alfred  G.  Gllnan,  Janet  D. 

Roblshaw,  and  Michael  P.  Giaziano.  Department  of  Pharmacology,  University  of  Texas 
Health  Science  Center  at  Dallas,  Dallas,  TX  75235 

Host  cells  contain  two  forms  of  the  a  subunit  of  the  G  protein  (G„)  that  stimu¬ 
lates  adenylate  cyclasej  their  apparent  molecular  weights  are  45, (TOO  and  52,000. 
Two  cDNAs  that  correspond  to  distinct  mRNAs  for  the  a  subunit  of  Gg  have  been  cloned 
from  a  bovine  adrenal  library  and  sequenced.  The  sequences  of  the  two  cDNAs, 
designated  p6g-l  and  pGg-s,  are  Identical  except  for  a  single  stretch  of  46  nucleo¬ 
tides  in  the  coding  region,  where  4  are  altered  and  42  are  deleted  in  pGg-s.  Ex¬ 
pression  of  pG--s  and  pGg-1  in  COS-m6  cells  yields  protein  products  with  apparent 
molecular  wel^ts  of  45^00  and  52,000,  respectively,  based  on  their  mobility  in 
SDS-polyacrylamide  gels.  The  two  cDNAs  have  also  been  expressed  in  using 

prokaryotic  expression  vectors  containing  either  tac  or  T7  promoters.  Again,  pro¬ 
ducts  with  apparent  molecular  weights  of  45,000  and  52,000  are  detected.  He  con¬ 
clude  that  pGg-s  and  pG.-l  encode  the  45  kDa  and  52  kDa  forms  of  Gg.  respectively, 
that  the  two  forms  differ  by  the  alteration  of  two  and  the  deletion^  14  amino  acid 
residues  (73-86  in  pGg-1),  and  that  the  apparent  difference  in  molecular  weight  of 
7000  between  the  two  forms  of  Gg-  is  in  large  part  due  to  anomalous  electrophoretic 
behavior  in  SDS.  There  appear  to  be  at  least  two  mRNAs  for  G--  that  arise  from  a 
single  gens  by  alternative  internal  rna  splicing.  Analysis  of  we  activities  of  the 
two  forms  of  Gg^,  expressed  separately  in  coll,  is  in  progress. 


.4  ROLES  OF  GTP  REGULATORY  PROTEINS  IN  RECEPTOR-HEDIATED  ADENYLATE  CYCLASE  INHIBITION. 

PHOSPHOLIPASE  C  ACTIVATION  AND  CELL  PROLIFERATION 

Hichio  U1.  Fumiktzu  OkaJIma.  Toshlaki  Katada  A  Toshihiko  Hurayama.  Department  of  Physiological 
Chemistry.  Faculty  of  Pharmaceutical  Sciences.  Hokkaido  University.  Sapporo  060.  Japan 

Receptor-mediated  Inhibition  of  membrane  adenylate  cyclase  via  an  Inhibitory  GTP  regulatory  protein 
(G1  or  N1)  Is  reversed  by  prior  exposure  of  the  membranes  or  the  membrane-donor  cells  to  Islet¬ 
activating  protein  (lAP),  pertussis  toxin,  since  61  Is  unable  to  couple  to  receptors  any  longer  when 
Its  GTP-bIndIng  a-subunit  has  been  ADP-rlbosylated  by  the  A-component  of  the  toxin.  Several  kinds  of 
G1  (apy)  have  been  purified  from  rat  and  porcine  brains  as  the  specific  lAP  substrate,  and  the  cDNAs 
of  their  a-subunits  have  been  cloned.  Some  of  them  competed  with  the  a-subunIt  of  stimulatory  Gs  for 
the  same  sites  on  the  adenylate  cyclase  catalyst,  py-subunlts  of  these  lAP  substrates  also  Inter¬ 
acted  with  the  catalyst  directly  leading  to  Inhibition  of  the  cyclase  activity.  Thus.  G1  Inhibits 
adenylate  cyclase  by  multiple  mechanisms  when  It  is  dissociated  Into  a-  and  py-subunlts  upon  coupled 
receptor  stimulation.  lAP  also  abolished  the  chemotactic  peptide  [fNLP)  receptor-coupled  activation 
of  phospholipase  C  that  Is  Involved  In  phosphatidyllnositol  4.S-b1sphosphate  breakdown  and  Ca  mobili¬ 
zation  In  neutrophils.  The  lAP  substrates  purified  from  rat  brain  were  coupled  to  fMLP  receptors 
when  they  were  reconstituted  Into  lAP-treated  neutrophil  membranes.  Moreover.  DNA  synthesis  In  3T3 
fibroblasts  as  Initiated  by  competence  factors  In  the  presence  of  a  progression  factor  such  as  Insulin 
or  epidermal  growth  factor  was  Inhibited  by  lAP  treatment  of  the  cells.  lAP  was  effective  In  this 
regard  even  when  It  was  added  to  culture  medium  3  h  after  the  addition  of  growth  factors,  suggesting 
that  an  lAP  substrate  G-proteIn  Is  also  Involved  In  slow  proliferative  responses  of  cells. 


^  THE  STRUCTURE  AND  REGULATION  OF  PROTEIN  PHOSPHATASE-1 

Protein  phosphatase-1  (PP-1)  is  one  of  four  phosphatase  catalytic  C-subunIts  which 
dephosphorylate  a  variety  of  regulatory  proteins.  Several  forms  of  PP-1  have  been  Identified  In 
which  the  C-subunIt  Interacts  with  proteins  which  either  have  a  regulatory  function  or  target  the 
phosphatase  to  different  subcellular  locations.  In  skeletal  muscle  a  major  proportion  of  the  PP-1 
Is  bound  to  glycogen  because  the  C-subunIt  Is  complexed  with  a  glycogen-binding  G-subunIt.  The 
G-subunIt  Is  phosphorylated  very  efficiently  by  cyclic  AMP-dependent  protein  kinase  and  the  effects 
of  phosphorylation  on  PP-1  activity  will  be  described.  A  second  form  of  PP-1  Is  found  In  the  muscle 
cytosol.  This  form  Is  Inactive,  because  the  C-subunIt  Is  complexed  to  lnhlbltor-2  (1-2).  The 
primary  structure  of  1-2  and  an  analysis  of  its  In  vivo  phosphorylation  state  will  be  presented.  A 
third  form  of  PP-1  has  recently  been  Identified  In  skeletal  muscle,  and  Its  structure  and 
localisation  will  be  given.  In  mammalian  liver  a  significant  proportion  of  the  PP-1  Is  found 
associated  with  microsomes  as  well  as  glycogen.  The  dephosphorylation  of  glycogen  synthase  by 
hepatic  glycogen  and  microsomal  PP-1  Is  exquisitely  sensitive  to  Inhibition  by  phosphorylase  a,  BOX 
inhibition  occurring  at  <10nM.  over  1000-fold  lower  than  the  Km  for  phosphorylase  a  as  a  substrate. 
This,  and  other  evidence,  demonstrates  that  phosphorylase  a  Is  an  allosteric  Inhibitor  of  hepatic 
PP-1.  The  role  of  this  allosteric  Inhibition  In  the  hormonal  regulation  of  liver  function  will  be 
discussed. 

Supported  by  the  Medical  Research  Council,  London,  British  Diabetic  Association  and  Royal  Society. 


INOSITOL  PHOSPHOLIPIDS,  PROTEIN  PHOSPHORYLATION,  AMD  STIMULUS-RESPOHSE  COUPLING.  Ushio 
Kikkawa  and  Yasutomi  Nishizuka,  Department  of  Biochemistry,  Kobe  University  School  of  Medicine,  Kobe 
6S0,  Japan. 

Receptor-mediated  hydrolysis  of  Inositol  phospholipids  was  recently  realized  to  be  a  common  mechanism 
for  transducing  various  extracellular  signals  into  the  cell.  At  an  early  phase  of  cellular  re¬ 
sponses,  inosltol-l,4,5-trlsphosphate  mobilizes  Ca^'*^,  whereas  diacylglycerol  (DC)  activates  protein 
kinase  C.  These  two  intracellular  mediators  are  generated  from  the  hydrolysis  of  phosphatidyl- 
inosltol-4,S-bisphosphate,  PIP2.  Using  Ca^'''-ionophore  and  permeable  DC  or  tumor  promoting  phorbol 
ester  (as  a  substitute  for  active  DG),  it  has  been  repeatedly  shown  that  both  Ca^^  mobilization  and 
protein  kinase  C  activation  are  essential  and  often  act  synergistically  to  Induce  many  of  cellular 
responses  such  as  exocytosis  and  release  reactions.  Similarly,  these  two  slngal  pathways  appear  to 
be  essential  for  long-term  responses  as  well.  However,  additional  receptor  occupation  by  growth 
factor  is  necessary  to  Induce  full  activation  of  cell  proliferation.  launocytochemical  studies  with 
monochonal  antibodies  suggest  that  this  enzyme  seems  to  be  absent  or  in  very  low  concentration  in  the 
nucleus;  probably  another  step  in  signal  translation  is  needed  for  the  ultimate  activation  of  nuclear 
events.  The  phosphorylation  by  protein  kinase  C  of  some  proteins  such  as  membrane  receptors  is 
apparently  related  to  down-regulation  or  negative  feedback  control  of  cellular  functions.  In  fact, 
protein  kinase  C  appears  to  show  dual  actions  in  the  positive  as  well  as  the  negative  phase  of 
regulation.  Results  will  be  suBurized  of  further  studies  on  the  structure,  mode  of  activation, 
intracellular  localization,  and  possible  role  of  this  protein  kinase  in  stimulus-response  coupling. 


■'  INDUCTION  OF  C-FOS;  A  POSSIBLE  NUCLEAR  EVENT  IN  SIGNAL  TRANSDUCTION.  Tom  Curran, 

Tames  I.  Morgan,  Lidia  Sambucettl  and  Robert  Franza^.  Roche  Institute  d  Molecular  Biology,  Nutley,  NT  07110; 
‘Cold  Spring  Harbor  Laboratory,  Cold  Spring  Harbor,  NY  1172*. 

A  transient  elevation  of  c-los  mRNA  and  protein  levels  is  elicited  by  diverse  extracellular  stimuli.  These 
increases  may  be  greater  than~IS0-foid  depending  on  the  basal  levels  of  expression  in  unstimulated  cells.  The 
response  is  triggered  by  a  selection  of  polypepti^  growth  factors,  some  of  which  promote  mitogenesis,  while 
others  promote  differentiation.  Agents  such  as  phorbol  esters,  cAMP  and  calcium  ionophores  can  also  stimulate 
c-fos  expression,  although  the  magnitude  of  the  effect  varies  with  the  cell  line  studied.  In  PC  12  cells,  induction  is 
me3!ated  by  diverse  pathways,  one  of  which  involves  a  calcium-dependent  stimulation  of  calmodulin.  The  fos 
protein  in  stimulated  cells  exists  as  a  protein  complex  which  binds  to  DNA.  The  interaction  of  the  ^  protein  wTtR 
DNA  supports  the  hypothesis  that  it  may  be  involved  in  liidcing  cell  surface  events  to  long-term  alterations  in  gene 
expression. 
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STRUCTHRE-FmCTION  OF  Ha  ras!  Irving  Sigal  ,  Jackaon  Glbba  .  Hark  Marshall  ,  Crahaa 
Seith^,  Frances  Jumak^  and  Edward  Scolnlck;  'Karck  Sharp  *  Dohae  Research  Laboratories,  Heat  Point, 
Pennsylvania;  University  of  California,  Riverside,  California. 

The  res  protooncogene  proteins  have  blochcalcal  properties  that  are  slallar  to  those  of  the  guanine 
nucleotlde-blndlng  regulatory  proteins  of  the  G  protein  faally.  Like  other  G  proteins,  ras  protalns 
specifically  bind  GDP  and  GTF  and  have  a  low  GTF-hydrolytlc  activity.  Oncogenic  foras  of  the  ras 
proteins  have  decreased  GTFase  activities  (Trends  Blochaa.  Scl.  1985,  10;  350-35T).  To  Identify 
residues  Involved  in  nucleotide  binding,  GTF  hydrolysis  and  protein-protein  Interactions,  we  have 
systealcally  varied  the  conserved  aalno  acid  residues  of  Harvey  (Ha)  ras.  The  autant  proteins  have 
been  exprassed  In  E.  coll  for  blochsalcal  analysis  and  alcrolnjccted  Into  NIR3T3  cells  and  expressed 
In  yeast  cells  for~assaylng  biological  potency.  This  analysis  has  identlflsd  residues  Lyslb  and 
AapU9  within  the  nucleotlde-blndlng  site  and  Indicated  that  Lysl6  Interacts  with  the  phosphate  group 
of  CDF,  and  AapU9  Interacts  with  the  purlne-2-salno  group  (PDAS  1986,  83:  952-956).  This  aode  of 
Interaction  Is  analogous  to  that  observed  for  eF-Tu*GDF  by  x-ray  crystallography.  Substitutions  at 
either  position  63,  65,  66,  67,  70  or  73  drasMtlcally  reduce  the  affinity  of  Ha  for  the  neutralising 
nonoclonal  antibody  T13-259  but  do  not  alter  biological  activity.  In  contrast,  substitutions  within 
the  region  32-41  while  not  affecting  the  known  Intrinsic  blochewical  activities  of  Ha  do  reduce  the 
ability  of  the  protein  to  function  In  nasBallan  and  yeast  cells.  This  conserved  region  of  the  res 
proteins  Is  a  possible  site  for  protein-protein  Interaction  and  for  conferring  ras  blologlcsl 
function. 


1  DIE  EFFECTS  OF  THE  IRREVERSIgU  MiSCARINIC  LIGAND  ACETYLETHUCMOLINE  MUSTARD  ON  PRE-  AND 

POSTSYNAPTIC  RESPONSES.  Sfplwn  P.  BrRt.  Philip  Posner  and  Edwin  M.  Meyer.  Depts.  of 
PharMcology  and  Physiology,  University  of  Florida,  College  of  Medicine,  Gainesville,  FL  32610. 

The  phanaacologlcal  effects  of  agonists  that  bind  Irreversibly  are  unclear  at  the  receptor- 
transduction  level.  He  have  Investigated  the  presynaptlc  and  postgynaptlc  effects  of  a  wiscarlnlc 
agonist,  acetylethylchollne  austard  (Aech-M).  which  binds  Irreversibly  to  auscarlnlc  receptors.  As 
Measured  by  several  radiolabeled  ligands,  Aedi-M  Induced  a  dose-dependent  (0.01-10  pM)  loss  of  car¬ 
diac  and  brain  auscarlnlc  receptors  that  was  tiae-dependent,  blocked  by  atropine  and  attenuated  by 
guanine  nucleotides.  Acch-W  (10-100  uH)  produced  *  transient  decrease  In  spontaneous  atrial  beating 
rate  whereas  carbachol  and  ACh  produced  sustained  decreases.  After  pretreataent  of  atria  with  Aech- 
M  (10-100  iiH),  there  was  a  10-  to  20-fe1d  Increase  in  the  carbachol  EC$o  value  for  the  Inhibition  of 
the  atrial  beating  rate.  In  addition,  there  was  a  40-50S  loss  of  auscarlnlc  receptors.  Presynap- 
tlcally,  Aech-H  Induced  a  protracted  (up  to  60  atn)  attenuation  (40-SOt)  of  ACh  release  froa  rat 
cortical  synaptosoaes  with  a  potency  slallar  to  that  of  oxovreawrlne.  Oxotreaorine  Inhibited  Ach 
release  for  a  shorter  duration.  The  ACh  release-inhibition  Induced  by  50  pM  Aech-M  was  only  acutely 
I  blocked  by  1  mH  atropine,  was  observed  after  washout  of  free  drug,  and  was  not  due  to  Inhibition  of 

{  cho' 'ne-uptake  or  acetylation.  These  presynaptic  effects  of  Aech-M  on  ACh  release  were  coapatlble 

t  with  the  observed  tiae-dependent  (ICgo,  9  pM  after  5  aln  at  37*)  and  Irreversible  binding  character- 
^  Istlcs  of  the  drug  In  synaptosoaal  iMArancs.  The  data  suggest  that  Aech-M  Initially  Kts  post- 
synaptlcally  as  an  agonist  followed  by  a  long-tcra  antagonist  effect  and  presynaptically  as  an 
i  Irreversible  agonist. 

i 
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EVIDENCE  FOR  INCREASED  LEVELS  OF  DI6ITAUS  UKE  FACTORS  IN  PLASMA  OF  PREGNANT  RATS 

A.  Binet,  V.  Querot-Ferrer,  J.  BaranAs  and  P.  Braquet 
IHB  Research  Labs,  17  avenue  Oescartes,  F-92350  Le  Plessis  Robinson  (France) 

For  sever^  years,  numerous  studies  have  demonstrated  the  presence  of  "digitaiis-iike"  factors  (D.L.F.) 
in  mammalia  blood  and  urine  that  is  released  by  volume  expansion.  Recent  evidence  suggests  that  this 
factor  is  an  inhibitor  of  Na,  K-ATPase,  enzyme  which  represents  the  biochemical  basis  of  transmembrane 
sodium  and  potassium  transport.  This  compourxl  interacts  with  the  ouabain  binding  site  of  the  enzyme 
and  shows  a  natriuretic  effect  by  limiting  tubular  sodium  reabsorption. 

Pregnancy  is  known  to  be  a  volume  expanded  state,  without  increase  in  arterial  blood  pressure. 

In  this  study  the  presence  of  D.L.F.  has  been  investigated  in  plasma  of  rat  during  the  course  of 
pregnancy. 

Blood  samples  were  obtained  from  reorbital  sinus,  under  ether  anesthesia  and  collected  in  heparinized 
tubes.  The  deproteinized  plasma  (treatment  by  two  volumes  of  ethanol  for  4  min)  were  on  a  sephadex 
G2S  column.  Inhibitory  effect  of  D.L.F.,  eluted  in  the  post  salt  fraction  was  meeisured  on  purified 
Na,  K-ATPase  from  dog  kidney,  using  ATP->32  P.During  the  l£»t  week  of  pregnancy  a  significant  increase 
of  D.L.F.  concentration  was  obsenred  (8.4  i  1.4  vs  4.61  ±  0.39  nM  of  ouabain  equivalent,  p  «  0.01)  a 
simultaneous  increase  in  K+  plasma  levels  appeared  (-«-  48  <M>)  without  any  change  in  Na-t-  level.  Evidence 
for  increase  of  endogenous  Na,  K-ATPase  inhibitor  is  provided  in  plasma  of  pregnant  rats. 


THE  HBCHASISM  OF  XCTIVmOS  OF  THE  IMSOLIE  RECEFTOB  EIRiSE:  ROLE  OF  DISDLFIDE  BOEDS. 
Marluma  Boal-Solmatilar  and  Paul  Plloh.  Boatoo  OBlTaraltp  Sobol  of  Madlolna. 

Tha  iDaulln  raoaptor  poaaaaaaa  a  larga  nuabar  of  oyatalna  raalduaa  in  tba  a  aubunit.  Mona  of 
tbaaa  ara  raaotlva  ultb  N-atbylaalalalda  in  tba  natlva  raoaptor  augsaatlng  that  noraally  aoat.  If 
not  all  oyatalnaa,  azlat  aa  dlaulflda-llnkagaa.  Tbaaa  bonda  ara  known  to  link  tba  raoaptor  In  Ita 
aiSi  tatraaarlo  fom,  and  ara  alao  llkaly  to  play  a  rola  In  tba  atruotura  of  tba  llsand  blading 
doaaln.  Ha  hava  parfomad  a  datallad  klnatlo  analyala  on  tha  ability  of  tba  raduclng  agant,  dlthlo- 
tbraltol  (DTT)  to  raduoa  dlaulfldaa  and  to  affaot  tba  funotlonal  propartlaa  of  tba  raoaptor,  nanaly 
ligand  binding  and  klnaaa  aetlvlty,  Ha  hava  oorralatad  tbaaa  funotlonal  data  wltb  tba  atruotura  of 
tba  raoaptor  aa  analyzad  by  *aloolty  aadlaantatlon  analyala  and  SDS-PAQE.  Ha  find  that  ag  raoaptor 
dlaara  laolatad  froa  auoroaa  gradlanta  rataln  Insulin  binding  of  allgbtly  lowar  ligand  affinity  aa 
ooavarad  to  Intaot  tatraaara.  Tba  ag  dlnara  ara  aa  aetlya  aa  tatraaarlo  raoaptor  In  basal  klnaaa 
funotlon.  If  autophoapborylatad  In  tba  prsaanoa  of  Insulin  prior  to  raduotlon,  tba  diaar  raaaina  as 
an  aotlTatad  klnaaa  towards  axoganous  subatratas.  Bowavar,  dlaara  laolatad  froa  gradlanta  do  not 
axblblt  an  Insulln-dapandant  klnaaa  aotlyatlon.  Ha  Intarprat  tbaaa  data  to  Indloata  that  tba 
Intaraotlofl  of  two  ag  halvas  la  naoassar;  for  tba  ligand-dapandant  klnaaa  aotivatlon  that  follows 
Insulin  binding.  In  addition,  baoausa  og  dlaara  rataln  Insulin  binding,  and  bacauaa  Insulin  binding 
oontlnuaa  to  daorsasa  with  tiaa  of  DTT  azposurs  aftar  tba  raoaptor  la  antlraly  In  tba  og  dinar  fora, 
wa  oonoluda  that  tba  class  1  dlaulfldaa  that  link  two  ag  halvas  ara  not  raqulsita  for  ligand 
blading.  Ratbar,  aalntananca  of  tba  aultlpla  disulfidoa  In  tba  ’’orosa-llnklng"  doaain  of  tba  a 
subunit  appaar  oritloal  for  Insulin  binding. 


4  PURIFICATION  AND  CHARACTERIZATION  OF  THE  INSULIN-SENSITIVE  "LOW  Kn"  cAMP  PHOSPHODIES¬ 

TERASE  FROM  RAT  ADIPOSE  TISSUE.  E.  Degernan'^,  p.  gelfraKe*.  and  V.  C.  Hanganie  1  lo*.  *  Department 
of  Phyatological  Chemistry,  Und,  Sweden  and  *Laboratory  of  Cellular  Metabolism,  NHLBI,  NIH,  Bethesda, 
MO.  20892 

Particulate,  but  not  soluble,  "low  Kj,"  cAMP  phosphodiesterase  (PDE)  activity  of  rat  adipocytes  was 
increased  50-1001  during  incubation  (10  min)  of  intact  cells  with  1-3  nM  insulin;  activation  was  less 
with  higher  or  lower  concentrations  of  insulin.  Activation  was  maintained  during  solubi liiat ion  with 
an  alkyl  polyoxyethylene  non-ionic  detergent  C|E|2  and  NaBr  and  chromatography  on  DEAE.  Solubilised 
ensyme  was  purified  to  apparent  homogeneity  by  DEAE,  gel  permeation,  and  affinity  chromatography  (K^ 
for  cAMP  ",  0.4  tit;  sp.  act.  (with  0.5  pM  (ShJcAMP)  n,  5.5  unnl/min/mg) .  of  the  holoensyme  (from 
chromatography  on  Sephadex  G-200)  was  ■v  120-130,000;  from  polyacrylamide  slab  gel  electrophoresis 
in  SDS  was  estimated  a  subunit  My  of  n,  63-65,000.  Activity  (with  0.5  UM  (iHlcAMP)  was  rather 
sensitive  to  inhibition  by  p-chloromercuribensoate  (ICjq,  o,  1  and  less  so  by  2 ,2 ’ -Dithiobis-( 5- 
Nitropyridine)(160  uX),  N-ethylmaleimide  (525  uM)  and  iodoacetamide  (  750  uM).  PDE  activity  was  also 
rather  sensitive  to  inhibition  by  cilostamide  (IC50,  n,  40  nM)  and  the  "cardiotonic"  drugs  Cl  930  (450 
nM)  and  milrinone  (630  nM)  but  rather  insensitive  to  RO  20-1724  (190  uM).  Based  on  effects  of  these 
inhibitors,  the  hormone-sensitive  "low  Km"  particulate  cAMP  PDE  from  rat  adipocytes  seems  to  be  analog¬ 
ous  to  the  insulin-activated  particulate  PI*  from  3T3-L1  adipocytes  and  the  cilostamide  -sensitive 
soluble  "low  K^”  cAMP  POE  from  bovine  liver  (designated  as  Ill-C),  platelets,  heart,  and  other  tissues. 
Purification  of  this  PM  should  facilitate  studies  designed  to  probe  the  mechanism(s}  of  activation  of 
the  ensyne  by  insulin  and  other  effectors. 
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.MOLECULAR  GENETICS  OF  THE  82  ADRENERGIC  RECEPTOR.  R.A.F.  Dixon  ,  I.S.  Slgal  ,  E.  Slater  , 
C.  Strader^.  Karck  Sharp  A  Doluw  Reaaarch  Laboratorlaa,  Virus  and  Call  Biology;  Hast  Point, 
Pannaylvaola  and  ^Blocbsalstry  Endocrinology;  Rahway,  New  Jersey. 

Cloning  of  the  gsna  for  the  B-adranarglc  racaptor  (EAR)  (Nature  [1986]  321;  75)  allowed  the 
deteralnatlon  of  the  prlaary  sequence  of  the  receptor  protein.  Nydropatblclty  analysis  of  the  EAR 
polypeptide  suggests  the  presence  of  eeven  tranaveabrane  helices  and  supports  a  structure  for  the 
receptor  that  Is  alallar  to  the  structure  of  rhodopsln.  Using  rhodopsln  as  s  aodel,  regions  of  the 
EAR  protein  have  been  selected  which  might  be  Involved  In  ligand  binding.  In  receptor-G-proteln 
Interaction  or  In  receptor  regulation.  To  examine  the  structure-function  relationships  of  the  BAR, 
mutations  have  been  Introduced  loco  the  EAR  gene,  end  Che  mutated  proteins  expressed  In  msMallan 
cells.  Tha  mutant  proteins  were  characterised  by  their  eblllty  to  bind  ligands  end  to  stimulate 
adenylate  cyclase.  To  further  probe  the  structure  of  the  EAR,  antisera  have  been  raised  against 
coil-expressed  peptides  corresponding  Co  Che  EAR  sequence.  These  sera  are  being  used  Co  dsCemlne  Che 
folding  of  Che  BAR  protein  within  Che  membrane. 


6  xzsiAL  MMoatsme  raaoR  (amp)  smvucaa  cxcuc  «p  Mxxmxna/i  and  arux  n  og-2b 
SKT  aaaiK  rmi.  asmaa  am)  these  rbsfcnses  aib  ahimchizb)  bt  CHiatE«MZiiB. 

QassiBi  B.T.  Itablaa,  R.L.  Dal  Vaochlo,  S.A.  NRLdBan  and  P.  Mmd.  D^A.  RiyBlol. ,  Loyola  Qilv.  Mad. 
Ctr.,  Maywood,  IL  601S3;  Dapt.  Mad.  A  Riatmool.,  Stanfead  Onlv.,  VK  Mad.  Ctr.,  Palo  Alto,  A  94304. 

Rwlaus  atudlaa  tarn  our  laboantocy  havo  Aown  that  AMP  actlvataa  portlculata  (F),  lait  n*. 
aoluble  (S) ,  guanylata  cyclaaa  (QC)  In  cat  aoeta,  Iddhoy  and  aavacal  cthar  tlaauaa  and  that  ona  claaa 
of  MIP  Eoaeptor  oo-purlfiaa  with  PQC.  Alao,  va  havo  aheam  that  tha  AMP  analog  atrlq^aptln  n  (AP-rt) 
cauaes  ralaxation  at  pzaaoRtiactad  tat  aocta  tiiat  im  oonalatad  witb  alavatlon  oC  oCMP  and  activation 
of  oGHP-dapandent  pcotaln  klnaaa,  auggaating  that  tfaaae  aolanular  avants  aey  aadlaba  at  laaat  acaa  of 
ANP'a  actiona.  Sinoa  AMP  la  locsatad  in  lat  tacaln  and  aay  aarva  aa  a  namotranaadttar  or 
naunanhUatar,  wa  atudlad  Ita  aoiaoalar  actiona  in  two  nautally^-daclvad  oall  linaa,  OG-2B  tat  glioaa 
and  PC-U  tat  {haochtoaxytoaa,  which  oontain  fai^  lavala  of  PQC.  In  PC-13  oall  cultucaa  AP-II  (100 
iM,  30  ain)  alavatad  ogKP  In  both  oalla  and  aadla  by  13  fold.  Xn  06-3B  call  oultutaa  AP-IX  (100  iM, 
30  ain)  alavatad  oGHP  4  fold  In  calls  and  47  fold  In  aadla.  All  raapmaaa  mbm  wfcanoad  by  10  aln 
pralncubatlcn  with  lattetylaativlRanthliia  (350  vM) .  Both  oalXular  and  aoctzacallular  oaiP  taaponsta 
to  AP-n  in  05-2B  oall  cultucaa  waca  antagonized  1^  10  ain  praincubatlon  wlOi  cblocpcaaazlna,  but  not 
aathylana  blvM  (an  inhibitor  of  9X) ,  at  i  and  10  M  (IC50  >  1  uM)  •  Oallular  aormil  atlnn  of  oOtP  to 
aodiMl  nlttopnisalda  (1  iM,  3  ain,  an  activator  of  SQC)  waa  antaegnizad  by  10  ain  laainQubatlcn  with 
aathylana  blue,  but  not  dilacprcaazlne,  at  1  and  10  tM.  Tbaaa  data  indioata  ttiat  intzaoallular  nO/oc 
aoctzacallular  oGMP  nay  aadiata  actions  of  AMP  in  nautal  tlasuaa  and  that  chlocpcoaazina  salactivaly 
antagonlzas  AHF-intoad  catP  aoaaMlation  and  afflux.  Sc^portad  by  MlH  (HU8474,  AK30787},  vabvans 
iktainistcation  and  council  for  Ttabaoao  Basaarch,  D.s.A. 


TW  INVASIVE  ADENEIAIE  CVCUSB  CP  B.  PEPTUBSIS:  HUnKl’iES  OF  OOUMM  PENBimTION. 

B.  nrtadam*,  Z.  Fartal**  and  E.  Handel*,  *D8parbDant  of  Hosmona  Naaearch,  Helsraem 
Institute  of  Sclancs,  Rahovot,  and  **CIlnlcal  Phaznaoology  Unit,  Sheba  Madlcal  Oertbar, 
Tai-Avlv  UnlvacBlty,  Israel. 

Bordetella  pertusale  produces  a  calnodulln-oor a  1  tlva  adanylate  cyclase  (AC),  vhlch  la  thou^ 
to  enter  edtaiyotlc  cells  and  ptoduoe  high  levels  of  cfl9.  AC  activity  In  lysates  fcom  lynpho- 
cytas  expciood  to  a  partially  purified  bacterial  AC  is  insensitive  to  IBI,  raadlly  Inactivated  by 
acetic  anhydride  and  relatively  stable  to  SDS,  siadlarly  to  tt»  bacterial  AC  and  In  oontrast  to 
the  intrinsic  naatarene-bound  enzyne,  thus  prodding  a  dliect  evidence  for  enzyme  penetration. 
In  human  lymphocytes,  a  constant  intracellular  level  of  AC  activity  Is  reached  within  20  min  of 
cell  Incubation  with  the  bacterial  AC  and  maintained  for  at  least  2  h,  provided  tha  enzyme  Is 
present  In  the  cell  medlun.  Upon  Its  removal,  a  r^dd  dscllra  ain)  in  AC  activity  is 
cheervad.  This  decline  reflects  intracellular  Inactlvaticn  pnxeoo  rather  than  a  release  of  the 
enzyme  to  the  madiua.  in  tuilcey  erythrocytes,  no  intreoellular  Inactlvstlcn  la  observed  and  Ac 
activity  ineroasoo  linearly  even  after  6  h  of  incubation.  Subosllular  fractlcnatlan  of  hunan 
lynphocytas  and  erythroqtae  expoood  to  the  bectarlal  AC  ahowe  that  the  majority  (83-89%)  of 
Intraosllular  AC  activity  is  aseociatad  with  postzuclear  (leo.COO  x  g)  pellet.  AC  activity  in 
plaama  uesbraiis-enrichad  fraction  of  lynphocytea  reachee  a  ooatant  level  after  20  min  of  oell 
exposure  to  the  anzyme,  aimllarly  to  tha  aocuailatian  of  the  enzyme  in  whole  cells.  He  suggest 
thrt  cAEP  productlzi  by  the  Inrasive  anzyme,  as  wall  as  Its  Intraoallulsr  inactivation  occur 
Hhile  It  is  aesoclatsd  with  plaam  maahrane. 


8  REGULATION  OF  E.  COLI  ADENtUTE  CYCUSE  <AC)  ACTIVITY  BY  FACTORS  WITH  SHARED  FUNCTIONS 

Prasad  Reddy  and  i^an  Peterkofsky,  NIH»  Bethesda*  HD 
In  Eschar 1 ch 1 a  col 1 ,  cANP  plays  an  iaportant  role  In  expression  of  genes  for  carbon  netabollsn. 
The  major  control  for  adjusting  cellular  levels  of  this  nucleotide  Is  via  AC,  which  is  regulated 
by  high  molecular  weight  (proteins  Involved  in  sugar  transport  and  protein  synthesis)  and  low 
molecular  weight  (sugars.  Inorganic  orthophosphate  and  CTP)  factors. 

Regulation  by  low  molecular  wel^t  factors  can  be  Inhibitory  or  stimulatory  and  can  be 
demonstrated  in  permeable  cells  but  not  in  extracts.  Sugars  that  are  transported  by  the 
phosphoenolpyruvate:glycose  phosphotransferase  system  (PTS)  Inhibit  AC.  Inorganic  orthophosphate 
(PI)  substantially  stimulates  AC  activity.  The  effects  of  Pi  and  PTS  sugars  are  related  since 
inhibition  by  PTS  sugars  Is  not  observed  unless  the  AC  activity  is  stimulated  by  Pi.  GTP,  which 
is  a  key  regulator  of  eucaryotic  AC,  stimulates  AC  activity. 

The  regulation  by  the  low  molecular  weight  effectors  Is  mediated  by  some  protein  factors. 
Inhibition  by  PTS  sugars  or  stimulation  by  PI  of  AC  activity  depends  on  the  presence  of  functional 
PTS  proteins.  Furthermore,  E.  coll  strains  deleted  for  such  proteins  have  low  AC  activity.  The 
suggestion  from  these  observations  that  the  regulatory  form  of  AC  consists  of  a  c<MQplex  with  PTS 
proteins  has  been  supported  by  In  vitro  reconstitution  experiments. 

The  stimulation  of  AC  activity  in  permeable  cells  by  GTP  Is  probably  mediated  by  a  GTP-blnding 
protein.  Our  search  for  such  a  mediator  has  led  to  the  finding  that  the  protein  synthesis 
elongation  factor  EF-Tu  specifically  stimulates  the  AC  activity  of  a  purified  preparation  of  the 
enzyme.  The  functional  form  of  AC  therefore  appears  to  be  a  complex  with  a  variety  of  high  and 
low  molecular  weight  regulators  all  of  which  serve  other  functions  in  the  cell. 


9  nOPBOXB  JM>  REGUJOION  BV  OUJCCUJN  OT  Jl  MCTiaLLY  RJRZFXED  KCMyUOC  CVOASE 

9QUJBltZ2CD  FICH  BUU«  8R1M  I4MIUMES.  Nirm  B.  Party  and  Yoran  Salcmoi,  Department 
of  Hotncna  Research,  The  Wdiaum  Institute  of  Science,  76100  RehcA^,  Israel. 

MeniiL'ane-annoclirtad  adenylate  cyclaae  (AC)  was  solubilized  and  subsequently  purified  frcm 
faeahranea  prepared  from  frooen  b^l-aperm  ajaculats.  The  aim  of  this  purification  was  to 
obtain  a  calmodulin  (QM)-£rae  AC  pieparatian  in  which  regulation  of  AC  by  CaM  could  be  stud* 
led.  Nearly  SO-601  of  the  total  BBtabrai ie-aeaoci ated  AC  could  ba  solubilized  by  salt  eoctrac* 
tlcn  of  the  epana  meataranaa  in  the  wbwnoo  of  detergent.  The  aolubls  enzyme  %ias  rapidly  inac¬ 
tivated  at  hig^  dllutione.  Subsequent  purlficaticn  steps  were,  therefore,  per  fanned  In 
0.5  ag/ml  BSA.  Aslficatlon,  eapieseed  in  terns  of  AC/CaM  ratios,  increased  20CO-4(XX>-fold 
with  a  3-lOt  yield,  using  OCAE,  lectin  and  phanyl^Sephaxoea  chroaiatography. 

Bttyma  activity  ie  stiBulatiKi  2-  to  5-f61d  by  purified  testicular  CaM,  tiUch  shifts  the  Km 
(»^ATP)  froa  8.1  to  1.8  oM.  The  Ma  for  Mv-ATP  is  0.53  oM.  MalUtin,  a  bee  vorxm  peptide, 
atrongly  inhibited  AC  activity  by  66%  in  the  abearve  of  added  CsaM  arxi  totally  abolished 
CeH-depandant  erayme  activity.  MalUtin  inhibition  oould  be  reversed  by  the  addition  of  equi¬ 
molar  oonoanirationa  of  ObH.  AC  activity  >i&B  resistant  to  high  nsn-phyBiologlcal  ocncentra- 
tlone  (10  oH)  of  OBa2.  ^  raoleculsr  weight  of  this  AC  is  estimated  to  be  45  Kd  by  gel  fil¬ 
tration. 

TO  the  bast  of  cur  knowledge,  this  is  the  first  deacnstxatlon  of  the  involvanant  of  CaM  in 
regulation  of  mmanalian  sperm  AC,  tiue  suggesting  a  physiological  sechanisn  for  tie  ocntrol  of 
this  anzvma. 


10  EFFECTS  OF  ATRIAL  NATRIURETIC  FACTOR  (ANF)  ON  EXOCRINE  PANCREAS.  S.  Helsler.  H.  Kopelnan* 
J.G.  Chabot  and  G.  Moral  •  UnltA  de  Blor4gulaclon  cellulalre,  CHUL,  Salnte-Foy,  Quebec,  *Depart(ient 
of  Pedlatrlca,  Montreal  Children's  Hospital,  Montreal,  Quebec,  C.N.R.S,,  Laboratolre  d'Hlstologle- 
Eebryologle,  Universltl  Lyon-Sud,  Lyon,  France. 

We  have  recently  identified  leaunoreactive  ANF  in  pancreatic  acinar  cells.  The  current  study 
consequently  was  designed  to  determine  if  the  atrial  peptide  had  any  effect (s)  on  the  function  of 
exocrine  pancreas.  Tvo  study  models  were  used:  a)  isolated  rat  pancreatic  acinar  cells,  and 
b)  cannulated  rabbit  pancreatic  duct  in  vivo.  When  acinar  cells  were  exposed  to  rat_^ANF  (8-33),  a 
concentration-dependent  increase  in  c(^(P  formation  was  observed  "bout  3  X  10  M).  The  peak 
cCMP  response  occurred  within  2.5  min  of  exposure  of  cells  to  ANF.  When  rabbits  received  rat  ANF 
(8-33)  i.v.  (0.01-0.25  pg/min),  cQiP  was  secreted  Into  pancreatic  juice.  ANF,  alone,  did  not  affect 
protein  or  fluid  secretion  from  rabbit  pancreas;  when  co-infused  with  secretin  (0.1  CU/min),  which 
is  not  an  acinar  cell  aecretagogue  in  rabbits,  ANF  did  not  alter  the  aecrettn-enhanced  secretion  of 
pancreatic  Juice.  In  Isolated  acinar  cells,  ANF,  and  by  extension  cGMP,  did  not  alter  a),  basal  or 
agoniat  (carbachol  t  DbcANP,  CCK-OP  or  forskoIln)-stimulated  amylase  ^secretion,  b)  [  Hl-leucin» 
incorporation  into  trichloroacetic  acid-precipitable  protein,  or  c)  [  Hl-thymldlne  incorporation 
into  DNA.  These  data  suggest  that  cGMP  s)  is  not  co-secreted  with  digestive  ensymes  into  pancreatic 
Juice,  b)  doce  not  have  an  intraluminal  effect  on  fluid  secretion,  and  c)  Is  not  involved  in  the 
secretory  function  of  acinar  cells.  The  mechanism  by  which  acinar  cells  secrete  cGHP  into  pancreatic 
Juica,  aa  well  as  the  biological  significance  of  both  intracellular  (acinar),  and  Intraluminar  cGNP 
remain  to  be  elucidated. 
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11  GENETIC  ANALYSIS  OP  HUTANTS  IN  CALCITONIN  AND  VASOPRESSIN  RECEPTOR  FUNCTION 

D. A. Jana*  T.J.Raaink*  and  B. A. Hannings;  Priadrich  Niaschar-Instxtut ,  Basel, 
Switzarland;  *ZLF*  Kantonaspital ,  Basal*  Switzerland. 

In  the  porcine  kidney  call  line,  LLC-PK^*  the  hornonas  calcitonin  and  vasopressin 
activate  the  cAMP-dapandant  protein  kinase  (cAMP-PK)  which  in  turn  leads  to  a  200«fold 
increase  in  production  of  urokinase>type  plaaninogen  activator  (uPA).  LLC-PK^  mutant 
cell  lines  affected  in  hormonal  responsiveness  were  analyzed  for  uPA  production* 
cAMP-PK  activation,  adenylate  cyclase  (AC)  activation  and  hormone  binding  activity. 
The  Mis  mutant  was  found  to  lack  both  vasopressin  and  calcitonin  binding  activity 
but  showed  normal  non-receptor  mediated  stimulation  of  AC  and  cAMP-PK  activation.  The 
PIB6  and  PIB5-N4  mutants  lacked  calcitonin  binding  activity,  but  showed  increased 
vasopressin-binding  activity  as  well  as  vasopressin-mediated  AC  and  cAHP-PK  activa¬ 
tion.  Somatic  cell  hybrids  between  LLC-PK^  cells  and  each  of  the  three  mutants  were 
derived.  The  hybrid  cell  lines  from  each  fusion  were  found  to  have  normal  vasopressin 
and  calcitonin  bi:.ding  activity  and  hormonal  responsiveness.  Somatic  cell  hybrids 
between  M18  and  PIB6  also  showed  normal  activities*  indicating  complementation  of 
the  recessive  mutations  in  the  two  mutants,  whereas  hybrids  between  FIB6  and  PIB5-N4 
showed  no  complementation  of  receptor  activity.  Therefore,  two  different  mutations 
(those  in  H16*  and  P1B6/PIB5-N4 )  were  defin^^d  which  concomitantly  affect  metabolism 
of  both  vasopressin  and  calcitonin  receptors.  This  implies  the  existence  of  common 
processing  steps  for  the  two  receptors  prior  to  the  mature  membrane  form. 


12  HOHOIjOGT  BnWEEN  THE  EOMAM  AMD  HAMSTER  B.-ADREMERCIC  RECEPTORS  AMD  RBODOPSIM  REVEALED 

BT  MOLECULAR  CLOHIHG.  BrUn  E.  Kobllk«.^»nrlk  G.  DohlMn.  ThoM*  Prlcll.,  HArk  A. 
Bolanowskl,  Richard  A.E.  Dlaon.  Irving  Slgal,  Paul  Eallar.  Marc  G.  Caron,  Robert  J.  Lafkovltz. 

Duka  Unlv.  Mad.  Ctr.,  Durhan,  MC  and  Merck  S^tp  A  Dohna  Reaearch  Laboratorlea,  Heat  Point,  PA. 

Agonlat  atlnulatlon  of  tha  S.-adrenarglc  receptor  (B,-AR)  and  light  activation  of  rhodopaln  lead  to 
coupling  of  theae  receptora  with  CTP  binding  protein*  imlch  aadlate  tranaaanbranc  algnallng.  Both  of 
theae  racaptora  are  Inactivated  bp  atlnulua  pronoted  phoaphorplatlon  leading  to  honologoua 
deaanaltlaatlon  of  tha  B.'AR  and  light  adaptation  In  the  retina.  To  atudp  the  atructural  feature* 
raaponalhl*  for  obaervad^alallarltlea  in  function  of  theae  tin  receptor*  «*  cloned  the  gene  and  cDMA 
for  the  hunan  62-AH.  Hpdrophoblcltp  analpal*  of  the  deduced  anlno  acid  aequanc*  for  the  hunan  B.-AR 
reveal*  7  hydro^oblc  donain*  alnllar  to  thoae  obaervad  in  the  hanetcr  B^-AR  and  the  vlaual  plgnent*. 
Theae  nap  repreaant  naabrana-epannlng  region*.  Amino  acid  honologp  betueen  the  hunan  and  haMter 
B,-ARa  la  9AT  In  the  hydrophobic  donain*  and  the  putative  cytoplaanlc  loop*.  There  1*  7SE  honologp  In 
tna  extracptoplaenlc  region  and  the  carboxy  teminu*.  The  overall  anlno  add  hoawlogy  between  the 
ipaln  1*  noch  lea*,  however  3  of  the  nenbrane-apannlng  region*  ahare  ‘''30X  honologp. 

B.'AR  and  rhodopaln  have  a  threonine  and  acrlne  rich  carboxy  teminu*  which  nap  be  a 
aubatrat*  for  apiclflc  klnaae*.  Theae  coaaun  atructural  feature*  allow  ua  to  naka  tentative 
aaalgnncnta  of  functional  donain*. 


13  PURIPICATIOM  AMD  CHARACTERIZATIOM  OP  THE  RAT  OVARLAM  RECEPTOR  FOR  LUTEIMIZINC  HORMONE: 

STRUCTURAL  STUDIES  OF  SUBUHIT  INTERACTION  Satoahl  Kuauda  and  Marla  L.  Dufau,  Mol. 

Endo.  Section,  Endo.  B  Reprod.  Re*.  Branch,  NICHD,  MIH,  Bctbeada,  MD  20892 

He  have  purified  the  lutelnlxlng  hornone  (LH) /human  chorlogonadotrophln  (hCG)  receptor  bp 
aequentlal  affinity  colunn  on  wheat  gem  lectln-Sepharoa*  and  hCG-Sepharoa* ,  The  method  waa 
daalgnad  to  allow  alao  the  purification  of  lactogen  receptor  fron  the  Initial  etartlng  naterlal. 
The  purified  LH/hCG  receptor  retained  full  binding  affinity  and  wa*  Identified  aa  a  alngle  protein 
of  Hr-70,000  t  2,A00  on  SDS  gel  clectrophoreal*.  The  technique  la  alnpl*  and  allow*  rapid  purifi¬ 
cation  of  nlcrogran  amount*  of  biologically  active  receptor  aultabl*  for  further  nolecular  char¬ 
acterization,  nlcroaequenclng  and  functional  raconatltutlon  atudlea,  Croaa-llnklng  atudlea  per- 
fomed  after  binding  of  hCG  (radiolabeled  In  the  Individual  aubunit  n  or  B)  croaallnked  or 
uncroaallnked  to  the  correapondlng  unlabeled  aubunit  prior  to  binding  to  the  purified  LH/hCC 
receptor  Indicated  that  the  hCG  u-aubunlt  undergo**  predonlnant  Interaction  with  the  receptor 
nolacul*.  The  Influence  on  the  B-aubunlt  In  thl*  interaction  aeen*  to  occur  nalnly  through  It* 
aaaoclatlon  with  the  u-aubunlt ,  preaunably  by  conferring  apeclflclty  to  the  u-aubunlt  for  It* 
homonal  Interaction  with  the  receptor.  The  u-aubunlt,  which  la  Identical  within  apeclea,  ha*  an 
inportant  rol*  In  the  receptor  binding  Interaction  and  biological  activity  of  glycoprotein  hor- 


B,-AR  and  rhodi 
BSth  nannallan 
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CALCIUM  AND  pH-OEPENDENT  AGGREGATIUN  OF  CALMODULIN,  G.  WllHaiii  Lauderdale  and  Richard  N. 
Hyslop,  OepartMnt  of  Chaalstry.  University  of  Northern  dolorado,  Greeley,  CO  S0639. 

Calmodulin  has  been  isolated  from  bovine  testes  by  a  modification  of  published  procedures.  The 
protein  was  homogeneous  based  on  Isoelectric  focusing  and  two-dimensional  electrophoresis.  The 
purified  protein  has  an  apparent  molecular  weight  of  approximately  16,700  daltons  as  determined  by 
molecular  exclusion  chromatography.  The  protein  undergoes  reversible  self-association  as  a  function 
of  calcium  concentration  and  pH  of  the  medium.  The  largest  polymeric  form  detected  by  molecular 
exclusion  high  pressure  liquid  chromatography  has  an  apparent  molecular  weight  of  approximately 
240,000.  The  biological  activities  of  the  polymeric  forms  as  well  as  possible  physiological  func¬ 
tions  will  be  presented. 


15  irrccT  or  a-HAtjOACRn.  analogs  or  roisroLn  am  ^h-foiskolis  bhdik  sms-  A-L- 

and  i^.g.  jjgus  Centar  for  Druge  and  Blolosiea,  rDA,  Batltasda,  HD  208*2 
Tha  7-bramoaeat]rl-7-4asaeatyl  (BrAerak)  and  7-chleroacatyl-7-dasaeairl  (ClAcFik)  analogs  of 
forakolin  wars  aynthaalaad  aa  alkylating  agants  to  study  forskolin  binding  alias.  Tha  inaetiva 
l,*-didaoi(y-7-br«anaeatyl  analog  of  forskolin  (l,*-dldaoxy-BrAcrsk>  was  synthasisad  as  a  control 
for  tha  broanaeatyl  group.  Forakolin  inhibitad  tha  binding  of  ^-forskolin  to  human  platalat 
nambranas  trith  a  U  of  about  40iiM  whiia  tha  BrAcFsk  and  ClAcFsk  had  Ki's  of  about  0.5  idl.  Tha 
1 , 9-didaoiiy-BrAersk  was  inaffaetiva  at  inhibiting  ^-forakolin  binding.  BrAcFsk  and  ClAcFsk 
activatad  adanylata  cyclasa  in  platalat  nambranas  with  an  tCso  of  about  10  iiH.  Tha  binding  of 
3H-forakolln  was  datandnad  in  matbrsnaa  from  intact  human  platalats  that  had  baan  praincubatad 
with  10  vH  BrAcFsk  or  ClAcFsk.  Tha  binding  of  ^H-forskolin  to  nambranas  from  pratraatad 
platalats  was  raducad  *5%  aftar  trastamnt  with  BrAcFsk  and  tOh  aftar  pratraatmant  with  ClAcFsk 
whiia  pratraatmant  with  1,9-didaoxy-BrAersk  did  not  raduca  ^-forskolin  binding.  Tha  loss  of 
binding  occurad  within  5  nlnutas  for  BrAcFsk  and  within  15  mlnutas  for  ClAcFsk  and  was  dua  to  a 
dacraasa  in  tha  Bnax  with  no  changa  in  Ed.  Tha  irravarsibla  loss  of  ^-forskolin  binding  sitas 
producad  by  BrAcFsk  could  ba  pravantad  by  tha  inclusion  of  200  |iH  forskolin  in  tlw  pratraatsMnt 
buffer.  Tritiatad  BrAcFsk  (^-BrAcFsk)  was  synthasisad  in  order  to  identify  protains  alkylated. 
Proteins  laballad  with  ^-BrAcFsk  ware  separated  on  a  molecular  sixa  column  and  idantifled  by 
SOS-PAGg  and  fluorography.  Tha  major  proteins  idsntifisd  had  molecular  weights  of  155,000  daltons 
and  50,000  daltons  and  comigratad  with  adanylata  cyclasa  activity.  Thasa  results  suggest  that  tha 
135,000  dalton  protein  nay  ba  tha  catalytic  subunit  of  adanylata  cyclasa. 


'#  EFFECTS  OF  ATRIOPEPTIH  II  AHD  CYCLIC  CMP  ON  CA^*  LEVELS  AND  CA**  ATPASE  IN  RAT  AORTA 

AND  CULTURED  SMOOTH  MUSCLE  CELLS.  Thomas  M.  Lincoln,  Subhash  Rashatwar,  and  Trudy  L.  Cornwell. 
Department  of  Pharmacology,  College  of  Medicine,  University  of  South  Alabama,  Mobile,  AL  36688. 

Atrlopeptln  II  (ANP)  produced  time-  and  concentration-dependent  Increases  In  rat  aortic  cGMP 
content.  Associated  with  the  Increase  In  cGMP  was  a  decrease  In  tone  and  phosphorylase  a  content 
which  appeared  to  be  secondary  to  the  decrease  In  cytosolic  Ca**.  Other  effectors  of  cOK*  In 
aortic  smooth  muscle  produced  similar  changes  In  Ca’*  and  Ca'*-dependent  processes.  The  mechanisms 
by  which  cGM*  lowered  cell  Ca’*  In  response  to  ANP  appeared  to  be  related  to  the  removal  of  Ca'* 
from  the  cytoplasm  as  opposed  to  the  Inhibition  of  uptake  or  release  of  Ca’*.  To  further  test  this 
Idea,  we  have  examined  the  effects  of  cGH>-dependent  protein  kinase  (cGPK)  on  Ca’*ATPsse  from 
cultured  smooth  muscle  cells.  Ca**ATPase  was  stimulated  up  to  4-fold  by  0.02  vM  cGPK  and  2-fold  by 
calmodulin.  The  Inclusion  of  both  calmodulin  and  cGPK  In  the  assay  resulted  In  an  additive 
stimulation  of  Ca’*ATPase  activity  suggesting  that  this  enzyme  may  be  regulated  by  a  dual  mechanism. 
Stimulation  of  Ca’*ATPaoe  by  cGPK  was  observed  at  all  Ca**  concentrations  (10*’  to  10**  M),  and 
kinetic  analysis  revealed  that  cGPK  increased  the  Vg^^  for  ATP  hydrolysis  from  8  to  l8.1  nmol  Pj 
formed/mln/mg  while  the  Kg  for  ATP  remained  unchanged  by  cGPK.  Cyclic  Air-dependent  protein  kinase 
and  protein  kinase  C  were  either  Ineffective  or  less  efectlve  than  the  cGPK  In  stimulating 
Ca’*ATPase.  These  results  suggest  a  possible  mechanism  of  action  for  cGM>  In  mediating  ANP 
relaxation  through  activation  of  a  Ca’*ATPase  and  subsequent  Ca’*  eflux  from  the  cell.  (Supported 
by  Grants  from  NSF  and  NIH.) 


17  CHAtACmXZATXOII  OF  STBUCTUtS  AND  ACTXVATXON  OF  A.  ADSIIOSXIIC  BBCEFT0K8  BY 
A00HX8T  FBOTOAFFXBXTY  LABBU.XB8.  Martin  J.  Loh— .  Knrl-Borbart  Blots  and  Ulrleh 
Sobvabo*  FbaraakologioohM  Xnatltut  dor  Univoraitlt  Holdolborg#  FBO. 

Aa  adoiftoolno  roeoptoro  vbieb  aodiato  an  inblbitloa  of  adonylato  oyolaao  by 
adonoolno  bavo  boon  photoaff laity  labollod  with  B-2-asido-M« -p-bydrosyphonylloo* 
propyXadonooino  <B-AI1FXA).  Tbo  labol  idontifioo  a  Mr«35»000  protoin  ao  tbo  binding 
ottbonit  of  tbo  At  roooptor.  Tbo  olootropborotio  nobility  of  this  band  in  altorod  by 
troataoat  with  aouraninidaoo  but  not  uitb  othor  gluoooidaooa,  ouapooting  tbo 
proooaeo  of  ooaplos-typo  oarbohydrato  obaina.  Total  ohonieal  doglyeooylation  obovo 
a  ooro  protoin  of  llr>32«000*  Tbo  oevalMit  oeeupation  of  tbo  roooptor  with  B^AHFIA 
loads  to  a  porsistont  aotivation#  soon  as  a  porsistont  roduotion  of  oARF  lovols  of 
isolatod  adipooytos.  Tho  analysis  of  this  aotivation  with  a  sodol  of 
pharsaoologioal  apooisa  supposts  tbo  prosonoo  of  spars  roooptors.  Spars  roooptors 
aro  also  suppostod  fros  a  ooaparison  of  diroet  binding  and  rasponsa  data^ 
indieating  that  tbo  ooeupation  of  SB  of  tbo  roooptors  loads  to  a  SOX  roduotion  of 
oAMP  louols.  Tboso  data  suppost  that  tho  Ai  roooptor  is  aotivotod  aooerdinp  to  tbo 
eeoupation  thoory.  A  largo  asount  of  spars  roooptors  osists  for  tho  roduotion  of 
oARF'lovola  in  isolatod  adipooytos. 


•8  SPECIFIC  BINDING  SITES  FOR  ATRIAL  NATRIURETIC  PEPTIDE  IN  HUMAN  BRAIN. 

Fiona  Lyall.  Tony  J.  Balmforth  and  Jamea  J.  Morton. 

MRC  Blood  Presftura  Unit.  Ueatem  Infirmary.  Glasgow.  G11  6NT.  Scotland. 

Specific  binding  sites  for  atrial  natriuretic  peptide  have  been  identified  in  a  menibrane 
preparation  obtained  from  cultures  of  the  human  astrocytoma  cell  line  G'^CCM.  Scatchard  trans* 
formation  of  the  binding  data  showed  marked  curvature  consistent  with  the  presence  of  high  ana  low 
affinity  binding  sites.  Estimation  of  the  Kd  (<250  pM)  for  the  high  affinity  binding  site  Is  in 
the  range  expected  of  a  physiological  receptor.  HPLC  showed  that  there  was  significant  breakdown 
of  the  radiolabelled  ANP  even  at  O^C. 

Neither  angiotensin  II  arginlne*S' vasopressin  or  bradykinin  competed  for  the  binding  sites, 
demonstrating  further  tho  specificity  of  binding.  Binding  affinity  of  ANP-related  peptides  was 
ANP  (human  28aa)  >  ANF  (rat  8-33)  >  atrlopeptln  111  (rat)  >  atrlopeptln  11  (rat  >  atrlopeptin  1 
(rat)  >  ANP  fragment  (1-11  rat). 

Our  preliminary  data  also  suggests  that  ANP  stimulates  cGMP  formation  in  this  cell  line, 
confirming  recent  work  which  has  shown  that  high  concentrations  of  ANP  stimulated  a  100-fold 
Increase  in  cGMP  in  prlmory  astroglia  rich  brain  cell  cultures. 

These  results  suggest  that  ANP  receptors  are  exposed  on  the  cell  membrane  of  neuroglia.  The 
implications  of  this  finding  will  be  discussed  in  terms  of  possible  regulatory  roles  for  glia. 


CYCLIC  AMP  AND  CYCLIC  GMP  STIMULATION  IN  PRIMARY  CULTURES  OF  CEREBELLAR  GRANULE  CELLS. 

A.  Novelll  and  R.  C.  Benneberry,  Laboratory  of  Molecular  Biology,  NINCDS,  National  Institutes  of 
Bealeh,  Bechcada,  MD  20892. 

Prluary  cultures  frou  the  cerebelluu  of  the  8-day  old  rat  can  be  highly  enriched  for  glutaaatergic 
neurone  (granule  cello)  end  can  serve  ns  n  useful  model  for  studying  responses  to  ncurotrsnsnltters. 
Inositol  phospholipid  turnover,  celciuu  influx,  end  guenylate  cyclase  activation  follow  stimulation 
by  excitatory  salno  acids  In  these  neurons.  We  nov  report  that  the  calclua  lonophore  A23I67 
stimulated  cQ(P  synthesis  in  a  calc ium-d spend ent  manner;  furthermore,  a  3-fold  greater  response  wee 
se«n  when  1  mM  HgCl.  was  also  present.  Other  divalent  cations  such  as  Co^,  Nl^,  and 

also  Boduletsd  cGMP^synthesis,  bat  to  varying  degrees.  Although  glutamate  and  kainate  strongly 
stimulated  cGMP  production,  they  had  e  negligible  effect  on  cAHP  synthesis  in  cultures  enriched  for 
neurons.  Rowever,  kelnste  caused  e  significant  increase  In  the  intracellular  content  of  cAMP  in  nixed 
cultures  of  astrocytes  and  neurons.  In  support  of  the  hypothesis  that  the  increase  in  cAMP  following 
additl^  of  kelnste  was  due  to  kainate-induced  release  of  adenosine,  the  adoiosine  analogue 
cycloheKyladenoalne  strongly  stimulated  cAMP  synthesis  in  nixed  cultures  but  had  very  little  effect 
in  cultures  enriched  for  neurons.  Verstrlne,  i^ich  stimulates  cGMP  production  as  strongly  ss  kainate, 
did  not  alevste  cAMP  levels  in  these  nixed  cultures.  These  results  suggest  that  (1)  elevation  of 
cAMP  levels  in  response  to  kainate  in  mixed  cultures  is  due  to  the  release  from  neurons  of  adenosine 
«diich  then  acts  at  an  iU  receptor  on  astrocytes;  and  (2)  the  increase  In  cGMP  levels  is  not 
sufficient  to  promote  the  release  of  adenosine. 


M.PHA,-/U)RENER6IC  RECEPTOR  -  LISAND  INTERACTIONS  RETAIN  THEIR  SENSITIVITY  TO  Na*  FOLLOW- 
IN6  PARTIAL  PURIFICATION  USING  AFFINIH  Ct«0MAT06RAPHY .  Jodi  N.  Nunnarl .  Mary  G.  Repaske  and  Lee  E. 
Litabird,  Oepartnent  of  Phanaacology.  Vanderbilt  University,  Nashville,  Tennessee. 

Alpha.-adrenergic  re(eptor|  (a^)  Inhibit  adenylate  cyclase  and  Interact  with  ligands  In  a  nanner 
that  Is  regulated  by  Na  .  Na  sensitivity  of  ojAR  -  ligand  Interactions  Is  retained  In  dlgltonln^ 
solubilized  preparations  of  porcine  brain:  a^AR  a|f1n].ty  for  agonists  Is  decreased  20-fold  by  Na 
with  an  ECj-  of  M  and  a  cation  selectivity  of  Na  >11  »K  ;  N»  Increases  a«AR  affinity  for  antago¬ 
nists  two-fUld  with  a  slallar  potency  and  selectivity  for  nonovalent  catlonsT  Interestingly,  both 
H  and  amllorlde  analogs  also  Influencf  aM  -  ligand  Interactions  In  an  allosteric  manner,  ra1|1ny 
the  possibility  that  the  effects  of  Na  mly  relate  to  our  observation  that  a^AR  can  activate  Na  /H 
exchange  In  the  NG108-15  neurobla^toya  x  glioma  cell  line  and  that  a^AR  -  provoked  platelet  secretion 
occurs  via  a  pathway  Involving  Na  /H  exchange.  ^ 

aM  purified  to  a  specific  activity  of  -  1400  pmol/mg  protein  using  yoh1mb|ne  -  agarose  chromato- 
grapRy  retain  the  effects  of  Na  on  -  ligand  Interactions.  Similarly,  Na  effects  are  retained 
after  further  purification  to  >6800  pNol  a_AR/ng  protein  using  wheat  germ  agglutinlln  agarose  chroma¬ 
tography  (A  homogeneous  a^AR  preparation  would  contain  -  16,000  pmol/mg  protein.)  The  dfta  suggest 
that  either  the  Na  regulatory  site  Is  on  the  a^AR  binding  subunit  or  that  a  distinct  Na  regulatory 
component  Is  co-purlfying  with  the  a^.  If  the  latter  Interpretation  Is  true,  then  the  component 
can  be  Isolated  and  characterized  bySirtue  of  Its  co-purification  with  porcine  brain  a2AR. 


HETEROGENEin  OF  THE  ALPHAi  RECEPTOR  ASSOCIATED  WITH  VASCULAR  SMOOTH  MUSCLE:  EVIDENCE  FROM 
FUNCTIONAL  AND  LIGAND  BIlffilNG  STUDIES.  M,  T.  Plyclk,  N.  H.  Pedleo,  K.  A,  Kino  and  M. 
Babich,  Department  of  Pharmacology,  University  of  Kentucky  Medical  Center,  Lexington,  Kentucky  40536 
Ue  have  examined  the  alphai  receptor  associated  with  rabbit,  aorta  In  functional  and  receptor  bind¬ 
ing  studies.  In  Isolated  aortic  rings,  the  dose-response  curve  for  (-)metaramlnol  was  not  parallel  to 
that  of  other  alpha  agonists  and  was  best  fit  to  a  quadratic  rather  than  a  sl^aold  function.  The 
occupancy  versus  response  relationship  for  (•)norep1nephr1ne,  (•)ep1nephrine  and  phenylephrine  was 
hyperbolic,  whereas  the  metaramlnol  occupancy  versus  response  relationship  was  not.  The  possibility 
that  Mtaramlnol  Interacts  with  different  functional  groups  on  the  alpha  receptor  than  other  agonists 
was  studied  In  receptor  binding  studies.  In  microsomes  prepared  from  frozen  aorta,  [^Hlprazosln  bound 
to  a  single  class  of  sites  (Ko'ISO.BtT.T  pM;  Bmx'IWsBB  fmol/mg,  and  this  site  exhibited  the  charac¬ 
teristics  of  an  alphai  receptor.  In  microsomes  prepared  from  frozen  aorta,  aorta  shipped  In  serum  on 
Ice  (Pel-Freeze  Biol.)  or  aorta  from  animals  killed  In  our  laboratory,  metaramlnol  bound  to  two  sites 
or  affinity  states  (estimates  from  fresh  tissue:  Kh  0.52  iM,  K(.  'v  25.7  pHi  Rh  '  24.1*  Rl  ■>  76*). 
Similarly,  norepinephrine  bound  to  two  classes  of  sites  In  the  three  mlcrosonml  preparations  (Kp 
0.02  pH,  Kl  '  pH;  Rh  “v  50.7*,  R),  -v  49. 2S).  Epinephrine  bound  to  only  one  site  In  the  three 
microsomal  preparations.  Our  results  from  two  Independent  lines  of  Investigation  support  the  Idea 
that  there  are  subtypes  of  the  vascular  alphai  receptor.  Furthermore,  metaramlnol  and  norepinephrine 
interact  with  both  classes  of  sites  while  epinephrine  Interacts  with  only  one  of  these  sites. 


22  EFFECTS  OF  HORMONE-INDUCED  DESENSITIZATION  ON  THE  HYDRODYNAMIC  PROPERTIES  OF  GONADOTROPIN 
RECEPTORS  FROM  A  MURINE  LEYDIG  TUMOR  CELL  LINE.  8.  Victor  Ftboit  and  8oy  M.  Bradley,  Membrane 
Bioohemietry  Section,  Devetopmental  4  Metabolic  Neurology  Branch,  NINCDS,  NIB,  Betheeda  MD  20892. 

The  hydrodynamic  properties  of  gonadotropin  receptors  (GR)  from  the  murine  Leydig  tumor  cell 
line,  MLTC-1,  were  studied.  Sucrose  density  gradient  sedimentation  In  H^O  and  DjO,  and  gel  filtra¬ 
tion  chromatography  were  used  to  estimate  the  molecular  weight  of  the  detergent-solubilized  hormone- 
receptor  complex.  [‘^’I]-human  chorionic  gonadotropin  (hCG)  was  bound  to  MLTC-1  cells  and  the  hCG- 
receptor  complex  (hCG-GR)  solubilized  In  Triton  X-IOO.  hCG  was  bound  under  conditions  that  allow 
(ST'C)  or  prevent  (0*C)  hCG-Induced  refractoriness  of  the  adenylate  cyclase  response  (I.e.  desensi¬ 
tization).  In  the  absence  of  desensitization,  'control*  hCG-GR  had  a  estimated  molecular  weight  of 
210  kOa  whereas  the  estimated  molecular  weight  of  'desensitized*  hC6-GR  was  160  kOa.  Oeglycosylated 
hCG  (DGhCG)  Is  an  antagonist  that  binds  with  high  affinity  to  GR,  but  falls  to  stimulate  adenylate 
cyclase  or  cause  desensitization.  ['^^IJ-DGhCG  was  bound  to  MLTC-1  cells  at  37*C  and  DGhCG-GR  solu¬ 
bilized  In  Triton  X-100.  The  estimated  molecular  weight  of  DGhCG-GR  was  the  same  as  that  for  the 
'control*  hCG-GR.  There  was  no  association  of  the  regulatory  component  of  adenylate  cyclase  with 
the  soluble  'control*  hCG-GR.  When  hCG  was  cross-linked  to  GR  and  solubilized  with  sodium  dodecyl- 
sulfate  (SDS)  the  estimated  molecular  weight  was  similar  to  that  determined  by  SDS-polyacrylamIde 
gel  electrophoresis,  and  only  half  that  of  the  Triton  X-100  solubilized  'control*  hCG-GR. 
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CALMODULIN  STIMULATED  PARTICULATE  GUANYLATE  CYCLASE  IN  CRAYEISH. 

U.  Riediger  and  D.  SedlMeiar;  Univeraitat  Bonn,  Institut  furZoophysiologid,  Endeni- 
Cher  Allee  11-13,  5300  Bonn  1,  FRG. 

Guanylate  cyclaaea  (E . C .4 . 6 . 1 . 2 .  )  fron  vertebrate  tissues  exist  in  a  soluble  form 
in  the  cytosol  and  a  particulate  for*  bound  to  the  fteabrane , ahereaa  in  invertebrate 
tissues  the  enzyme  seems  to  be  essentially  particulate.  The  particulate  guanylate 
cyclase  from  crayfish  hepatopancreas  membranes  eas  investigated  with  respect  to  its 
dependence  on  and  calmodulin.  The  enzyme  was  almost  completely  blocked  by  EGTA 

and  full  activity  was  regained  by  the  addition  of  Ca^^.  Calmodulin  stimulated  the  ac¬ 
tivity  about  five-fold.  This  effect  could  be  abolished  by  the  calmodulin  antagonist 
compound  46/60.  These  results  give  evidence  that  the  particulate  guanylate  cyclase 
of  crayfish  hepatopancreas  is  a  Ca^^  and  calmodulin-dependent  enzyme. 


SEPARATION  OF  LYMPHOCYTE  CYCLIC  NUCLEOTIDE  PHOSPHODIESTERASES  BY  ION  EXCHANCE  BIGH  PRESSURE 
LIQUID  CHROMATOGRAPHY.  Steven  Roblcsek,  James  B.  Poison,  Joseph  J.  Rrzanowskl,  Jr.,  Richard  F.  Lockey, 
and  Andor  Ssenclvanyl.  Departments  of  Pharmacology  and  Therapeutics  and  Internal  ^^Iclne,  University 
of  South  Florida  College  of  Medicine  and  Section  of  Allergy  and  Xamunology,  James  A.  Haley  Veterans 
Adminiatratlon  Hospital,  Tampa,  Florida  33612. 

Experiments  %rere  carried  out  to  develop  a  rapid  method  for  the  separation  of  different  forms  of 
cyclic  nucleotide  phosphodiesterase  (POE)  from  human  peripheral  blood  lymphocytes  using  high  pressure 
liquid  chromatography  (HPLC).  A  Waters  HPLC  system  with  a  DEAE  Protein  Pak  column  packed  in  ice  to 
reduce  loss  of  enzyme  activity  was  employed.  Lymphocytes  %rere  purified  on  Ficoll-Hypaque,  then  plastic 
plate  adherence  was  utilized  to  remove  monocytes.  The  nonadherent  cells  were  repeatedly  washed  to 
remove  platelets.  After  Dounce  homogenization,  0.75  to  1.0  ml  voltnes  of  supernatant  extract  (from  1.5 
to  2  X  10^  cells)  were  injected  into  the  HPLC  system.  Using  a  linear  gradient  of  0  to  IM  NaCl  over  a 
period  of  1  hr  and  a  1  ml/mln  flow  rate,  cyclic  GMP  hydrolyzing  activity  eluted  about  20  mlaa  after 
Injection  (corresponding  to  approximately  0. 3H  NaCl).  Cyclic  AMP  hydrolyzing  activity  eluted  in  a 
broad  peak  between  22  and  30  mins  (0.38  to  0.48K  NaCl).  The  latter  peak  appeared  to  contain  two  or 
more  partially  resolved  forms  of  the  enzi^.  This  finding  suggests  that  the  multiple  forms  of  lympho¬ 
cyte  cAMP-PDE  that  have  been  separated  by  density  gradient  sedimentation  (Thompson  et  al,  J.  Biol. 

Chem.  251?  4922-4929,  1976}  and  isoelectric  focusing  (Wedner  eC  al,  J.  lamunol.  123?  725-732,  1979) 
cannot  be  entirely  attributed  to  modification  of  a  single  molecular  species  during  the  relatively  long 
time-periods  required  for  these  separation  procedures  (15-18  hrs  for  sucrose  gradients,  20  hrs  for 
Isoelectric  focusing). 


CHARACTERIZATION  OF  RABBIT  RETINAL  DOPAMINE  SENSITIVE  ADENYUTE  CYCLASE  WITH  NEW  TYPES  OF 
Dj-ACONISTS  (e.g.  SKF  38393-A)  OR  -ANTAGCWISTS  (e.g.  SCH  23390).  M.  Schorderet,  School  of  Pharmacy, 
Lausanne  and  Department  of  Pharmacology,  QRJ,  Qi  1211  Geneva  4,  Switzerland. 

Homogenates  of  rabbit  retina  were  uaed  to  study  the  effect  of  new  dopamine  Di-agonists  and 
-antagonists  on  the  generation  of  cAHP  in  absence  or  presence  of  dopamine  (DA)  or  of  various  agents 
acting  on  the  N3  regulatory  protein  and/or  on  the  catalytic  site  of  adenylate  cyclase  (NaF,  CTP, 
forakolin).  SKF  38393-A  was  found  to  stimulate  cAKF  generation  in  a  dose-dependent  manner  and  to  be 
more  potent  than  DA  (ED$o  *  wM  compared  to  1  uM  for  DA).  Maximal  effects  were  already  obtained 
at  1  pM.  However,  SKF  38393-A  was  leas  efficacious  than  DA  (respectively  160  Z  and  210  X  stimulation 
over  controls).  The  SKF-induced  accumulation  of  cAKP  was  blocked  by  (^)-butaclamol,  and  not  by 
(-)-butaclaaK)l,  although  the  active  concentration  of  the  antagonist  was  larger  than  that  used  for 
DA  blockade,  reflecting  a  higher  affinity  of  SKF  for  D)-receptors.  On  the  other  hand,  the  agonist 
actions  of  DA  or  SKF  38393-A  were  inhibited  by  a  new  Di-receptor  antagonist,  SCH  23390,  in  a  dose- 
dependent  manner.  Other  studies  with  various  drugs  (including  new  D2-receptor8-agonist8,  e.g.  LY 
171555  or  RU  24926,  and  classical  -antagonists,  e.g.  domperidone  or  sulpiride)  indicate  that 
rabbit  retinal  homogenates  are  very  selective  for  the  screening  of  agents  acting  at  Di -receptors 
and  the  study  of  their  possible  interaction (s)  with  ocher  factors  acting  at  regulatory  or  catalytic 
subunits  of  the  enzyme.  Supported  by  SNSF  Grant  No.  3.969.084. 
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SHALLOW  AGONIST  COMPETITION  BINDING  CURVES  FOR  S-ADRENERGIC  RECEPTORS  ;  THE  ROLE  OF  TIGHT 


AGONIST  BINDING. 

y.  SEVERNEl,  A.  IJZERMAN2,  V.  NERHE3,  T.  ABRAHAMS  SON  3 ,  H.  TltMERMAN^,  G.  VAUQUELINl, 
llnst.  of  Mol.  Biol.,  Free  Univ.  of  Brussel*  (WB),  63  FaerdensCraat,  B-1660  SC.-Genesius-Rode, 
Belgiusi,  2Dcpt.  of  Pbarmacochea. ,  Free  University,  De  Boelelaan  1083,  I081HV  Amsterdan,  Netherlands, 
3Dept.  of  Pharaacol.  and  Biochen.,  Hassle  Cardiovascular  Res.  Lab.,  S-3183  Molndal,  Sweden 

The  B2~adrenergic  receptors  of  bovine  trapeaiu*  nuscle  neaibranes  desionstrate  tight  agonist  binding 
resulting  from  Che  fomacion  of  R.R.Ns  cooplexea.  Preincubation  of  the  membranes  with  (-)-iso- 
proterenol  (followed  by  washing)  causes  a  Cime~  and  concentraCion~dependent  decrease  in  Che  number  of 
(-)-(^)-dihydroalprettolol  binding  sites  to  a  plateau  value  of  41.5  Z.  This  decrease  is  quasi- 
irreversible  under  radioligand  binding  conditions  but  is  readily  reversed  in  the  presence  of  GTP. 

The  isoproCerenol/(-)-(3H)-dihydroalprenolol  competition  binding  curves  are  shallow.  This  is  usually 
interpreted  in  terms  of  two  interconvertible  affinity  states  of  Che  receptor  :  Che  high  affinity 
state  reflecting  the  coupling  of  Che  H.R  complex  to  Ns  and  the  low  affinity  state  not  interacting 
with  Ns.  However,  with  increasing  incubation  time  the  competition  curves  are  shifted  to  the  left. 
This  apparent  non-equilibrium  can  be  computer  simulated  by  models  in  which  tight  agonist  binding  to 
part  of  the  receptor  population  is  included.  The  usual  computerized  interpretation  of  the  competi¬ 
tion  binding  curves  do  not  allow  the  correct  evaluation  of  agonist  binding  parameters  in  Che 
presence  of  tight  agonist  binding. 


27  SOLUBILIZATION  AND  RECONSTITUTION  OF  THE  D-1  DOPAMINE  RECEPTOR  FROM  RAT  STRIATUM. 

Anita  Sidhu  and  Peter  H.  Fishman,  Membrane  Biochemistry  Section,  Developmental  and  Metabolic 
Neurology  Branch,  National  Institute  of  Neurological  and  Communicative  Disorders  and  Stroke, 

The  National  Institutes  of  Health,  Bethesda,  Maryland  20892. 

The  D-1  dopamine  receptor  was  extracted  from  rat  striatal  membranes  with  0.7k  sodium  cholate  and 
l.M  NaCl.  Pretreatment  of  the  membranes  with  a  D-1  specific  agonist  (SK  6  F  R-3gS93),  inclusion  of 
ermde  phospholipids  in  the  solubilization  buffer,  and  subsequent  removal  of  the  detergent  led  to 
a  maximal  extraction  of  48%  of  the  receptor  binding  sites.  The  D-1  antagonist,  (*^^I)SCH  23982, 
bound  to  a  single  class  of  sites  with  a  Kj  of  1.8  nM  and  a  B,,gx  2.65  pmol/mg  protein.  The 
solubilized  receptors  retained  Che  ability  to  discriminate  between  active  and  inactive  enantiomers 
of  agonists  and  antagonists  selective  for  the  0-1  receptor.  Approximately  70%  of  the  solubilized 
receptors  were  reconstituted  into  phospholipid  vesicles.  The  reconstituted  receptors  retained  the 
pharmacological  properties  typical  of  the  D-1  dopamine  receptor. 


CHARACTERIZATION  OF  e-AOREHERSIC  RECEPTORS  FROM  ISOPROTERENOL -DESENSITIZED  TURKEY 
ERYTHROCYTES.  J.  M,  Stadel.  R.  Rebar,  S.  T.  Crooke.  Sailth  Kline  and  French  Labs.,  Phlla.,  Pa.  I9I0I 
Prelncubatlon  of  turkey  erythrocytes  (TE)  with  10-®M  Isoproterenol  (ISO)  resulted  In  a  50-60% 
decrease  In  agonist  stimulated  adenylate  cyclase  activity.  Desensitization  was  accompanied  by  1) 
greased  mobility  of  B-adrenergIc  receptor  (BAR)  proteins,  specifically  photoaffinity  labeled  with 
IzSl-p-azIdobenzylcarazolol  (IPABC),  as  determined  by  SDS-polyacryl amide  gel  electrophoresis 
(S0S-PA6E)  and  2)  a  2-3  fold  Increase  In  phosphate  Incorporation  Into  BAR  (Stadel  et  a),  PNAS, 
80:3137,  1983).  Limited-digestion  peptide  maps  of  IPABC-labeled  BAR  from  control  and  desensitized  TE 
sKowed  different  sensitivities  of  the  two  BAR  to  cleavage  by  chymotrypsin  and  S.  aureus  protease.  The 
altered  mobility  of  IPABC-labeled  BAR  from  desensitized  TE  was  eliminated  when  5M  urea  was  Included 
during  SOS-PAGE.  Using  a  low  crosslinked  polyacrylamide  gel  (Oreyfuss  et  al..  Mol.  Cell.  Biol., 
4:415,  1984)  the  42,0001V  BAR  protein  was  resolved  Into  a  doublet  compared  to  the  single  38,OOOMr 
'Mr  protein  of  control.  Appearance  of  the  doublet  was  agonist  dependent  since  Incubation  of  TE  with 
dlbutyrylcAMP  (5aM)  did  not  promote  fonaatlon  of  the  doublet  but  decreased  agonist  stimulated 
adenylate  cyclase  activity  40-50%.  Exposure  of  TE  for  20  hr  at  37'C  to  3Zp^  labels  BAR.  vZp.gRR 
was  oartlally  purified  by  affinity  ehroamtography  over  alprenolol-Sepharose.  The  42,00(IHr  protein 
of  3"p-BAR  from  ISO-desensitized  TE  also  revealed  a  doublet  on  SOS-PAGE.  Limited-digest  peptide 
maps  of  %P-BAR  from  ISO-MsensItlzed  TE  using  papain  Identified  a  unique  peptide  (2800Mr)  absent 
in  control.  This  unique  vZp.pgptiqe  was  found  only  In  the  upper  BAR  protein  band  of  the  doublet. 
These  data  provide  evidence  that  agonist  proanted  phosphorylation  results  In  a  conformational  change 
In  BAR  and  suggest  that  agonists  Induce  desensitization  of  BAR  In  TE  by  a  multistep  mechanism. 
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ACrmnCM  of  ALPH*  AOtBOCfraRS  Ut>  tie  cOV  (ESPONSE  in  MXISE  heart.  T.  WailiTO.  H.  Varasky, 
Dept,  of  Anasthaslolagy,  Col.  of  Riysielans  A  Sirgsons,  Coliabia  Univ.,  New  York,  NY,  10032,  U.S.A. 

It  was  previously  shown  that  stinulation  of  alpta  aOrenoceptors  Increases  oGHP  content  In  the  heart.  In  an 
atteapC  to  charaotarlze  the  alpha  atfe'anooeptcr  associated  with  this  effect,  elce  were  given  l.p.  alpha  aiA'en- 
erglc  agonists  and  antagonists  with  different  alpha-2/alpha-1  activity  ratios  and  were  saorlfloed  by  elorowave 
radiation  at  an  optlaal  ties  after  treataant.  Cyclic  Of  was  eeasired  In  ayoosTdlal  tissue  by  radlolaauno- 
assay.  Osyestazollne  (OX),  St-91  C(2,6-dlethyl|Aienylaalne)-2-Uildasollne],  phenylephrine  (PE)  and  laethoxaalne 
(ME)  Increased  eyocardlal  eOlP  content.  Yhelr  dcse-rssponse  curves  ware  parallel  (slope;  801  t  5A,  858  ±  78, 
857  t  53  for  (M,  St-91,  PE,  resp.)  and  the  ordrr  of  potency  correspond^  to  their  affinity  for  the  alpha-2 
adrenoceptor;  the  dose  of  agonist  required  to  Increase  cOIP  by  500  fisole/ag  protein  (ED^  )  froa  a  control 
value  of  169  t  13  was  0.9A  i  0.08,  1.19  A  0.11,  A. 96  t  0.07  and  >  12  wDla/kg,  resp.  for  <K,''st-91,  PE  and  HE. 
The  alpha-2  adrenergic  antagonists  yohlablne  and  rauaolsclns  (5  and  0.2  ag/kg,  rasp.)  Inhibited  the  Increase  In 
cGHP  Induced  by  equleffectlve  doses  of  all  row  agonists  by  50  to  601.  in  contrast,  the  alpha-1  adrenergic 
antagonists  prazosin  and  oorynanthlne  (1  and  2.5  ag/kg,  rasp.)  Inhibited  the  cOr  response  to  PE  and  ME,  phenyl- 
ethylanlne  derivatives,  but  did  not  affect  that  to  OX  and  St-91,  laldazollne  derivatives.  Flrthemore,  the  cGMP 
response  to  3t-91  was  not  altered  by  chealcal  syapathsctony;  the  slopes  of  the  dose-response  cirves  were  858 
1  78  and  92A  t  85  and  the  ED,^  ^  were  1.19  t  0.11  and  1.28  t  0.11  vBole/kg  In  aloe  with  Intact  ad'energlc  nerve 
endings  and  treated  with  6-h;n{%xydopaalna,  resp.  The  results  suggest  that  the  Increase  In  ayocardlal  cod’ 
content  Induced  by  the  laldazollne  derivatives  nay  be  related  to  activation  of  al|Zia-2  ad-enoceptors  distal,  at 
least  In  part,  to  the  aorenarglc  nerve  endings  while  the  response  to  the  phanylethylanlnes  nay  Include  both  an 
alpha-1  and  an  alpha-2  aadlated  ooaponent,  the  latter  detemlning  the  potency  of  the  agonist. 


aU  EVYDNHCE  for  two  OIFFIHgtlT  STlMDLaTORY  ADiayLATS  CYCLASE  COOPLINC  MECHAMISMS  IN  RAT 

RENAL  PAPILLA. 

Elisabeth  A.  Woodcock.  Monaah  University  Dapartaent  of  Hsdlelns,  and  Medical  Raaaarch  Centra,  Prince 
Henry's  Roapltal,  St.  Elide  Road,  Nslbouma.  3004.  Australia. 

Adenylate  cyclase  (AC)  activity  In  renal  papillary  aeahranee  was  stiaulated  by  both  vesopreseln 
(VP)  and  the  adenoalne  agonist  5*-M-ethylcarboKaaldoedenoelne  (NBCA) .  ^e  two  stlauletlons 
Interacted  differently  with  other  AC-etlauilatory  factors.  Treetaent  of  papillary  tubules  with 
cholera  toxin  Increased  AC  activity  froa  4.S  ±  1.5  to  110  1  9.1  (SE,  n«5)  paol/aln/ag  protein. 
Haxlaally  effective  concentrations  of  VP  Increased  activity  In  control  preparations  to  10.3  1  2.0  (an 
Increase  of  5.6  1  1.3)  and  In  cholera  toxin  treated  preparations  to  138.9  1  14.5  (an  Increase  of  28.9 
1  5.4,  nv5f  p<.01).  Pertussis  toxin  Increased  activity  to  9.1  1  3.0.  The  response  to  VP  was 
enhanced  to  12.6  1  3.9  (n«5;  p<.01  relative  to  control  tubules).  Addition  of  the  two  toxins  together 
produced  a  greater  than  additive  atlaulatlon  of  AC  to  145  1  36.  HsxImub  Increase  In  activity  caused 
by  VP  was  48  1  13  (n>5i  p<.01).  In  contrast  AC  atlaulatlon  by  NECA  was  additive  with  stlauletlons  by 
the  two  toxins,  separately  and  in  ccablnatlon.  The  NBCA  atlaulatlon  howsver,  was  enhanced  In  the 
presence  of  fluoride  Ion  while  the  VP  atlaulatlon  was  additive  at  all  concentrations. 

Papillary  aaabranes  contained  two  different  cyclase-atiaulatory  coupling  proteins  with  a-subunlts 
of  NW*s  46,600  1  450  (SB,  0*6)  and  41,500  t  480  (SB,  n«6)  as  identified  on  SDS-polyscrylaalde  gel 
electrophoresis  following  cholera  toxin  labeling. 

Taken  together,  these  data  suggest  that  two  adenylate  cyclase-stiaulatory  coupling  aechanisas  with 
different  properties  are  operative  In  renal  papillary  aeabranes. 


31  CHARACTERIZATION  OF  THE  GLUTAMATE-INDUCED  STIMULATION  OF  PHOSPHOINOSITIDE 

METABOLISM  IN  HIPPOCAMPAL  SLICES  OF  THE  ADULT  RAT 

P.A.  Bauaann  and  P.C.  Waldmeier,  Research  Department,  Pharmaceuticals  Division, 
CIBA-GEIGY  Ltd.,  CH-4002  Basle,  Switzerland 

In  hippocampal  slices  of.  the  adult  male  rat  glutamate  (glu)  dose-dependently 
increased  the  formation  of  ^H-inositol-l-phosphate  (3  to  5  fold  at  5  mM) .  This  effect 
appeared  to  be  specific,  since  it  was  still  present  when  a, -adrenergic,  cholinergic, 
serotoninergic  and  histaminerglc  receptors  were  blocked. Aspartate  also  Increased 
Pl-turnover  to  a  comparable  extent.  With  respect  to  the  stereoselectivity,  L-glu  was 
about  twice  as  active  as  D-glu.  With  aspartate  no  stereoselectivity  was  observed.  It 
seems  that  the  receptor  involved  in  the  glu-induced  Pl-turnover  is  of  the  quisqualate 
type.  Of  the  selective  exitatory  amino  acid  agonists  quisqualate  and  AMPA  (a-amino-3- 
hydroxy-S-methylisoxazole-4-propionlc  acid)  were  most  effective  (quisqualate  beeing 
approx,  equipotent  with  glu).  The  effects  of  NMDA  and  kainate  were  weaker.  Ibotenate 
also  proved  to  very  potently  Induce  Pl-turnover  (7-fold  at  1  mM) .  The  effect  of 
carbachol  was  additive  to  those  of  noradrenaline  and  histamine  suggesting  that  the 
involved  receptors  do  not  belong  to  the  same  Pl-metabolic  unit.  On  the  other  hand, 
glu-induced  Pl-turnover  was  not  additive  to  that  induced  by  carbachol,  noradrenaline 
and  histamine.  Therefore,  the  glu  receptors  may  occur  linked  to  common  Pl-metabolic 
units  in  combination  with  other  receptor  types. 
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B-ADRENERGIC  RECEPTOR  KlIASE:  ROLE  IM  MEDIATIMG  HOlMOItE  DIDUCEU  OESEMSITIZATIOM. 

J.L.  B«iiovlc.  r.  Mayor.  Jr..  R.B.  Straaiar.  C.  Stanlaxcmkl.  K.L.  Soaara.  M.G.  Caron  and 
R.J.  Lefkowltz.  Uuka  Onlv.  Mad.  Ctr..  Dumaa.  HC  and  MIH.  Bathaada.  MD 

Tha  actiona  of  aany  horaonaa  and  druga  ablch  act  througb  tha  adanylata  cycLaaa  ayataa.  aa  wall  aa 
aany  othar  ayataaa.  ara  ulttaataly  bluntad  by  daaanaltlxatlon.  Agoniat-apaclflc  or  boaologoua  daaan- 
altlaatlon  baa  boon  axtanalvaly  cbaraetarlaad  ualng  tba  B-adranarglc  raeaptor-couplad  adanylata 
cyclaae  ayataa.  Boaologoua  daaanaltlxatlon  la  cAMP-lndapendant  and  Intlaataly  aaaoclatad  wltb  phoa- 
phorylatlon  ot  tha  B-racaptor.  Ua  hava  Idantlflad  a  noval  protaln  klnaaa.  taraad  tha  B-adranarglc 
racaptor  klnaaa  (BARR),  which  apaclflcally  phoxphorylataa  only  the  agonlat-occopiad  fora  of  tha 
racaptor.  B-agonlata  Induca  an  10  fold  Incraaaa  In  B-racaptor  phoapborylatlon  which  can  ha 
coBplataly  blockad  by  B-antagonlata .  Moraovar.  partial  agonlata  appaar  to  Induce  only  a  aubaaxlaal 
Incraaaa  In  racaptor  phoapborylatlon.  Racaptor  phoapborylatad  by  BARR  haa  a  greatly  dlalnlahad 
ability  ('>■  SOX)  to  Interact  with  M  auggaatlng  that  phoapborylatlon  can  directly  uncouple  receptor  and 
B  .  BARR  haa  bean  purified  to  hoaSganalty  frow  bovine  cerebral  cortex  via  aequentlal  chrowatography 
oX  gal  parwaatlon.  Ion  exchange  and  hydroxy lapatlta  coluanx  and  appaari  to  conalat  of  a  alngle  poly¬ 
peptide  chain  of  H  ‘V  SO. 000.  BARR  doea  not  phoaphorylata  general  klnaaa  xubatrataa  auch  aa  caaaln 
and  hlatonaa:  howafar.  rhodopaln.  tha  retinal  racaptor  for  light,  aarvax  xa  a  good  aubatrata  for  BARR 
In  a  light  (agonlat)  dependant  faahlon.  Furthamora.  rhodopaln  klnaaa.  lAlch  lx  Involved  In 
ragnlating  cCMP  phoaphodlaxtaraaa  activation  by  rhodopaln  In  tha  vlaual  tranaductlon  ayatew.  can 
phoaphorylata  tha  S-racaptor  In  a  totally  agonlat  dependant  faahlon.  Thua  the  ■aehanlana  which 
regulate  thaaa  dlaparata  algnallng  ayatena  appear  to  ha  quite  alnllar. 


33  PROTEIM  RIMASE  A  AMD  C  CATALTZE  EBOSPBORTLATIQH  OF  B,-  and  a  -ADRENERGIC  RECEPTORS. 

M.  Eouv^t.  L.H.F.  Laab-Lundbarg.  J.L.  Banovlc.  M.G.  Caron  and  R.J.  Lefkowltz. 

Duka  Onlvaralty  Medical  (^ntar.  Durham.  NC 

Phoapborylatlon  of  tha  B.-adrenarglc  receptor  (B.-AR)  and  of  tha  n.-adranarglc  receptor  (n.-AR)  lx 
aaaoclatad  with  daaanaltlxatlon  of  thalr  raapactlva^trananlaalon  pathmyi.  Thla  itudy  waa  thcrafora 
undertaken  to  explore  and  document  tha  ability  of  protaln  klnaaa  A  (PEA)  and  C  (PRC)  to  directly 

phoaphorylata  tha  purified  B.-  and  o.-AR.  Both  the  catalytic  aubunlt  of  PEA  and  the  PRC.  purified 

from  bovine  heart  and  pig  brain  raapactlvaly,  ware  able  to  phoaphorylata  the  affinity  purlflad  hamatar 
lung  B.-AR  (1  mol  and  O.d  mol  phoaphate/mol  racaptor  raapactlvaly).  Tha  addition  of  a  B,-AR  agonlat, 

laoprotarenol  (20  uM) ,  to  tha  phoapborylatlon  mixture  Incraaaad  tha  rata  but  not  the  extant  of  phos¬ 

phorylation  of  tha  6,-AR  by  PRA  but  not  by  PRC.  Phoaphopeptlda  separation,  by  ravarsa  phase  BPLC,  of 
tha  trypalnlzad  racaptor  previously  phoapborylatad  by  either  klnaaa  revealed  Identical  paptlde  map 
profiles  suggesting  similar  sltas  of  phosphorylation  for  tha  two  kinases.  Tha  n.-AR  purlflad  from 
DDT^  smooth  muscla  calls  could  also  ha  phoapborylatad  by  tha  two  kinases  (3  mol  PO./mol  PRC,  1  mol 
PO./mol  PRA).  In  contrast  with  the  B.-AR  tha  addition  of  an  n,  agonist,  nortplnapnrlne  (100  uM). 
Incraasad  the  rate  but  not  tha  extent  of  phosphorylation  of  the  n.-AR  by  the  PRC  only.  Tha  phospbo- 
paptlda  map  ot  tha  trypalnlzad  n.-AR  phosphorylated  by  PRC  drastically  differed  from  tha  nap  obtained 
for  tha  receptor  phosphorylated  By  PRA.  Tharefore  the  B.-AR  and  the  n.-AR  are  both  substrates  for  FRA 
and  PRC.  Bowaver,  agonist  occupancy  of  the  receptors  fsellltstas  their  phosphorylation  only  by  the 
protaln  klnaaa  coupled  to  thalr  own  transmission  pathway.  "Feedback"  and  "cross  system"  phosphory¬ 
lation  nay  represent  distinct  and  differently  regulated  mechanisms  of  receptor  modulation. 


34  ADENYUTE  aClASE  OP  PERMEABIIIZED  REFRACTORT  C6-2B  CEILS  REVEAL  DIFFERENCES  IN  NETEROLOCOUS 

DESENSiriZAriON  INDUCED  gr  ISOPROTERENOL  OR  OiaUTYRn  CTaiC  AIT. 

Gary  irooker.  Oapartmtnt  of  Rlochtmistry,  Gaorgatown  UnIvarsIty  Nodical  Cantor,  Washington,  D.C.  20007. 

Tho  adonylato  ei^lasa  of  pomaablliiod  cotta  is  xtinutatod  aoro  than  100  fold  by  iscprotortnol  (ISO)  or  ferskotin 
and  responds  In  a  mannor  anategous  to  idwlo  celts  (J.CYC.Nuctoo.Protoln  Phos.Ros..  11,113-122,1986).  C6-2g  cotta 

ware  grown  in  Idam  ptsstie  celt  cuttura  walls  and  cyclic  AMP  detemined  In  whole  colts  or  adulate  cyclaso 

activity  detominod  after  Inodiotfon  of  pormeabtlizod  colls  with  10  <41  ISO,  0.1  sM  ATP  and  1  vM  GTP.  In  Intact 

calls  proIncWbstad  with  10  iM  ISO  or  liH  dibutyryl  cyclic  AMP  for  4  hrs,  tha  30  min  ISO  rachsllonga  response  In 
whole  cells  was  1,5X  and  12X  of  tha  control  response  rospectlvoly.  Tha  cyclaso  activity  from  cells  preineubatod 
with  ISO  was  24X  of  control.  In  contrast,  parmsahilit^  call  cyclase  from  cells  mode  refractory  by  dibutyryl 
cyclic  AMP  was  94X  of  control  activity  and  thus  pomaabitized  adenylsta  cyclaso  was  not  refractory.  The  subsequent 
ISO  rechallange  response  In  whole  calls  was  greater  if  tho  protaln  synthesis  Irhibitor,  eyctohaxlmlde  (CM)  (5 
ug/ml)  was  Included  during  tha  Induction  of  rafractoriness  with  ISO  (12X  of  the  control  response  vs  1.5X  without 
CN)  or  dibutyryl  cyclic  AMP  (83X  of  the  control  rasponsa  vs  12X  without  CN).  While  CN  did  not  totally  prevent  ISO 

induced  refractoriness,  tha  sUmaqumt  ISO  response  was  increased  8  fold  by  CH.  CN  almost  completely  prevented 

dibutyryl  cyclic  Al*  induced  refractoriness  in  whole  calls.  Tha  protective  effect  of  CN  on  ISO  induced 
refractoriness  was  avidant  in  psrmssblUiad  cyclase  assays  from  iacprotemol  and  CN  treated  cells  (24X  of  the 
1  control  response  vs  1ZX  without  CN).  These  experinsnts  damonstrste  that  ISO  Induced  refractoriness  causes  a  protein 

I  synthesis  dependant  stable  changs  in  honaone  stlmulstsd  adenylate  cyclase  associated  with  the  celt  mrstirmn  In 

t  contrast,  dibutyryl  cyclic  AMP  Induced  refractoriness  to  ISO  is  almost  totally  dependent  protein  synthesis  and 
;  the  refractorinesa  is  lost  igMn  parmsabilizstien  of  the  cells,  suggesting  that  the  refractoriness  Induced  by 
dibutyryl  cyclic  AMP  is  msdiatsd  by  factors  which  are  toosaly  assectatad  with  tha  cell  mmNbrsns  and  ara  lest  during 

I  permsabillxatlon  of  tha  cells,  ti^^tad  by  NIN  grant  28940. 
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B  lynjhouft»  aatlfaa  r»a«»tor»  (alg)  BSTl  raeaptors  and  la  traadiioa  algnals  by  dlatlnet 
but  iataraotlTa  nannnil  aiinaniar  oaaeadaa.  J.C,  Caabler,  K.H.  Neuell,  L.B.  Juateaent,  Z.Z.  Chen, 
M.J.  Kleaz,  J.T.  Ranaoa  and  L.K.  Harrla.  Dlvlalon  of  laainology.  National  Jewlah  Center  for 
laaunology,  Denver,  CO  80206 

Quleaclent  B  lyaphooytea  atlaulated  with  antigen  or  aurrogate  antl-laaunoglobulln  (Ig) 
antlbodlea,  or  B  cell  atlaulatory  factor  1  (BSFI )  undergo  a  rapid  Increaae  In  expreaalon  of  genea 
encoding  c-foa,  c-ayc,  and  NHC  elaaa  II  aoleculea.  Llganda  idiloh  bind  type  II  aajor 
hlatoooapatlblllty  antlgena  (la)  antagonize  algnallng  via  both  alg  and  BSFI  receptora  and  alao 
block  llpopolyaacchorlde  Induced  B  cell  altogeneala.  We  report  flndlnga  which  Indicate  that  B  cell 
antigen  receptora  (alg)  tranaduce  slgnala  via  activation  of  polyphoapholnoaltlde  hydrolyala,  Ca 
aoblllzatlon,  protein  klnaae  C  tranalooatlon  to  the  plaaaa  aeabrane,  and  aeabrane  depolarization. 
BSFI  receptor  utilize  a  oaacade  Involving  phoaphorylatlon  of  a  >lil,000  Da  aeabrane  protein,  poaalbly 
the  BSFI  receptor,  but  none  of  the  above  aentloned  PIP2  hydrolyala  attendant  eventa.  la  aoleculea 
appear  to  tranaduce  algnala  utilizing  a  t  adrenerglc-type  aechanlaua  Involving  activation  of 
adenylate  cyclaae,  elevation  of  cellular  CAHP  levela  and  tranalooatlon  of  protein  klnaae  C  to  the 
nuclear  fraction.  The  biologic  effecta  (Including  PKC  tranalocatlon)  of  ala  ligation  are  alalcked 
by  elevation  C/IMP  ualng  db-CAHP,  8br-CAMP,  forakolln,  PGEj  and  Cholera  toxin.  Reaulta  auggeat  a 
novel  aechanlaa  by  tdilch  a1,  and  B  adrenergic  algnal  tranaductlon  caacadea  nay  Interact 
antagonlatlcally,  which  Involvea  conpetltlon  for  the  cellular  pool  of  protein  klnaae  C.  Reaearch 
aupported  by  PHS  granta  AI  20519  and  A1  21768. 


36  RELATIONSHIP  OF  OPIATE  RECEPTOR  BINDING  SITES  AND  OPIATE-INHIBITED  ADENYLATE  CYCLASE  IN 

BRAIN  HEWRANES.  S.R.  CMIdtrt.  P.  NIJtSM  and  J.  Harris.  Dept,  of  Phanaacology,  Univ. 
of  Florida  College  of  Ned.,  Gainesville,  FL  32610. 

Adenylate  cyclase  appears  to  be  coupled  to  delta  opiate  receptors  In  NG106-1S  cells,  but  the  phar- 
■acologlcal  nature  of  the  adenylate  cyclase-linked  opiate  receptor  In  aaMMlIan  brain  hat  yet  to  be 
established.  To  deteralne  the  relationship  between  high  affinity  opiate  receptor  binding  sites  and 
adenylate  cyclase  In  brain,  we  assayed  ne^ranes  after  treataent  with  agents  that  block  high  affinity 
opiate  agonist  binding.  Incubation  of  weiNiraQet  with  phospholipase  A  (500  ng/a1)  Inhibited  93-lOOt 
of  the  binding  of  C^j-DAGO,  [^Hj-OSTLE  and  C^]-EKC  to  au,  delta,  and  kappa  sites,  respectively. 
However,  adenylate  cyclase  In  treated  aaabranes  was  still  Inhibited  by  D-AU  enk;  aoreover,  the  D-Ala 
enk  Inhibition  curve  was  not  affected  by  phospholipase  treataent.  To  obtain  aore  specific  receptor 
blockade.  sMatranes  were  Incubated  with  Irreversible  opiates,  then  washed  to  reaove  reversibly-acting 
drugs:  control  aeabrancs  contained  equal  concentrations  of  naloxone  to  control  for  washing.  Incu¬ 
bation  with  the  Irreversible  antagonists  naloxone  azine  and  beta-FNA,  and  the  Irreversible  agonist 
p-nltro-phenyl-oxyaorphone,  did  not  affect  adenylate  cyclase  Inhibition  curves,  but  blocked  high 
affinity  receptor  binding  by  75-100%.  Incubation  with  beta-CNA  (10  mM),  idilch  blocked  binding  by 
95-100%,  shifted  the  adenylate  cyclase  dose  response  curve  for  D-Ala-enk  by  approxlnately  10-fold. 
These  results  Indicate  an  Irreversible  loss  In  adenylate  cyclase-linked  receptors  by  beta-CNA,  but 
not  by  other  Irreversible  opiates,  and  suggest  that  opiate  receptors  linked  to  adenylate  cyclase  In 
brain  do  not  correspond  to  any  of  the  sites  labeled  with  nN  concentrations  of  [^Hj-agonlsts. 

Supported  by  grant  DA-02904  froa  the  National  Institute  on  Drug  Abuse. 


37  FROSFHORTLATION  OF  THE  8-ADRENERGIC  RECZFTDR  IN  LYMPROHA  CELLS  IN  RESPONSE  TO  PNA. 

R.B.  Clark,  J,  Frladwan,  N.V.  Runkal,  N.  Praahad,  and  J.A.  Johnson.  University  of  Texas 
Graduate  School  of  Blowedlcal  Sciences,  Laboratories  of  Cyclic  Nucleotide  Research,  P.0,  Box  20334, 
Houston,  Texas,  77225,  USA. 

Treataent  of  S49  WT  lywphoaa  cells  with  phorbol  12-wyrlstate,  13-acetate  (PMA)  caused  a  3-5  fold 
Increase  In  Che  Rgcc  for  epinephrine  (epl)  stlaulaclon  of  adenylate  cyclase  (AC)  with  no  change  In 
B-adrcnerglc  receptor  (6R)  levels  or  any  evidence  of  Internalization.  It  also  resulted  In  a  60-80Z 
loss  of  GppNHp  Inhibition  of  AC.  The  increased  Kact>  which  resulted  In  considerable  Inhibition  of 
epl  stlwulatlon  of  AC,  closely  resembled  the  Increased  Race  Induced  by  epl  treataent  of  cells.  Low 
free  Ng'^  (<1.0  idl)  was  required  to  observe  these  Inhibitory  effects  of  PHA  reflecting  about  a  6-fold 
Increase  In  Che  Race  Hg'*^  stimulation  of  AC.  To  test  the  hypothesis  that  the  FHA-lnduced  Inhibi¬ 
tion  of  epl  stlaulaclon  of  AC  Involved  protein  kinase  C  (PRC) -mediated  phosphorylation  of  the  BR, 
eye"  cells  were  labeled  with  (^^F]PO  and  then  treated  with  either  0.5  uM  PMA  or  1,0  uM  epl  for  5 
aln.  Incorporation  of  the  ^^P  Into  the  BR  was  deteralned  following  purification  of  the  BR  by  alpren- 
olol  affinity  chromatography,  SDS-PAGE  and  autoradiography.  The  aoblllty  of  the  purified  BR  on  SDS- 
PAGE  was  Identified  by  photolabeling  with  [*^^1]  lodoazldobenzylplndolol  (lABP).  The  H,  of  control 
and  PMA-treated  BR  was  65  kDal.  PHA  caused  a  significant  Increase  In  the  phosphorylation  of  the  BR 
which  exceeded  that  Induced  by  epl  by  about  2-fold.  There  was  no  significant  phosphorylation  of 
the  BR  In  untreated  cells;  thus,  the  PNA- Induced  phosphorylation  could  not  be  expressed  as  a  fold 
Increase  over  control.  Our  results  suggested  that  PHA  activation  of  PRC  could  result  In  phosphory¬ 
lation  and  desensltlzatlon  of  Che  BR.  However,  analysia  of  the  functions  of  the  purified  receptor 
following  Intact  cell  phosphorylation  will  be  necessary  before  any  firm  conclusions  can  be  drawn. 
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lou  or  rnnisszs  toxin  (pt)  snsztirx  otp  binding  pbotxinb  in  thb  bbguutioh  or  m-s 

UT  ncntOIO  CXLLS.  Dani#la  Cord4  «aN  LMrwrd  t>.  Koho.  LBH»  NIDDK,  NIH.  ND.  20B92 

PT>s«n«itiv«  CTP  binding  protnins  mtulntn  tiMf  dnpmdnnt  and  indapandant  nachaniaM  laadint  to 
tha  iodination  of  thprogiobulin  and  tba  forakatlon  of  thyroid  honMMiaa.  Tha  inhibitory  raguiatory 
protain  of  tha  adanylata  eyelaaa*  Nj,  ia  praaant  in  rtTL*S  calls,  as  ahown  by  PT  inducad  Aor 
riboaylatlon  of  a  40K  protain  idantlfiad  as  *1’  Pratraataant  of  ntTL-S  calls  with  TOI 

(1  h)  as  wall  as  PT  (18  h)  eausaa  tha  disappaar^ca  of  aj.  This  can  ba  daMonstratad  by  tha 
loss  of  40K  substrata  availabla  for  PT  Inducad  ADP  ribosylation  in  tha  naskbrana  praparations .  PT 
and  T8H  individually  stinulata  cAHP  accunulatioo  in  nXL-S  calls;  howavar  idkan  PT  is  addad  to  T8H 
stiauiatad  calls,  a  snail  daeraaaa  of  tha  cAMP  laval  is  obsarvad.  In  contrast  tha  PT  and  tSH 
offsets  ara  additiva  to  forskolin  and  cholara  toxin  stinulation  of  adanylata  cyclaaa.  Coordinate 
TSH  nodulation  of  PT  inducad  AOP  ribosylation  and  cAMP  accuailation,  suggasts  a  rola  for  Nj  in  tha 
TSH  atiaailation  of  adanylata  cyclaaa  activity.  Both  TSH  and  adranargic  agants  utilita  tha 
Ip3-Ca‘*^*arachidonic  acid  signal  aystan  to  ragulata  iodida  afflux  in  calls  chronically  ai^sad 
to  T8H;  thaaa  calls  hava  a  dasanaitizad  adanylata  cyclaaa  rasponaa  to  TSH  but  naxinsl  iodida  iq»talca. 
Pratraatatant  of  PSTL-5  calls  with  10*^^  H  Pt  for  4  h  inhibits  tha  incraaaa  in  iodida  afflux  inducad 
by  norapinophrina  (NB) .  Undar  thaaa  conditions  thara  is  no  offset  of  PT  on  NI  inducad  incraasa  in 
ZP3  or  cytosolic  Ca'*^  but  thara  is  conplata  inhibition  of  arachidonic  acid  ralaasa.  Thara  is  no 
offset  of  PT  on  tha  ability  of  TSH  to  incraasa  any  of  thaaa  activitias.  Tharafora,  although  both 
TSH  and  NB  usa  tha  IP3 -Ca'*^ -arachidonic  acid  signal  systaa,  tha  coupling  of  a\  adranargic, 
but  not  TSH  racaptor  to  phospholipasa  A2  is  sMdiatad  by  a  PT  sansitiva  GTP  binding  protain. 


DIPHTHERIA  TOXIN  AMD  CYCLONCXtNIOE  PREVCNT  CATECMOLANINE  DESEMSITIZATION  OP  A431  CELLS. 

Oafaroardt  and  Cary  Irookar,  Oapartaant  of  Blochaalatry,  Gaorgatoun  Univaralty  Nodical  Cantor, 
Washington,  D«C.  20007. 

(Xir  laboratory  has  pravloualy  ahoun  in  C6‘2B  rat  aatrocytoaa  calls  that  inhibitors  of  RMA  and  protain  synthasis  can 
radjca  or  pravant  catecholaaiina  rafraetorinass.  Thus  our  uorfcing  hypothesis  Is  that  Induction  of  protain 
synthasis,  after  stiaulatlon  of  eyetic  AMP  aecuautatfon  In  C6‘28  calls,  produces  an  inhibitory  protain  which 
inhibits  SidMo^jant  catacholanint  stiaiulstlen  of  adenylato  cyclase.  Nonolayar  cultures  of  A431  calls,  a  huaan 
apidaraoid  carcinona  call  lint,  rospondad  to  10  lAl  lac^taranol  (ISO),  increasing  Intracellular  cyclic  ANP  up  to 
1000  fold  above  basal  after  30  ailnutas  dapendlng  upon  passage  nuihar.  lasal  valuta  ranged  frea  P‘3S  pnol/Ng 
protein.  After  4  hours  of  ISO  pratreatnent  tha  oi((a  hiranw  dasemititad  to  subsequent  ISO  traatnant. 
Cyclohexinide  eo*lneubatlon  with  ISO  during  this  first  4  hour  incubation  pravanttd  tha  daelina  in  cyclic  AHP,  and 
enhanced,  xore  then  aavan  fold,  tha  aecuwlatien  of  cyclic  AHP  after  a  aUbaaquent  30  Ninutt  rachallenga  with  ISO. 
Diphtheria  toxin,  U>ich  inhibits  protain  eynthaaia  by  ADP*riboaylaticn  of  elongation  factor  U  was  found  to  prevent 
cstecholsnint  refractoriness  in  A431  cells.  A431  calls  ware  Intoxicated  with  1  f^mi  of  the  toxin  for  24  hours. 
Protein  synthesis  was  Inhibited  aore  than  68X  however  tha  calls  were  still  viable  since  they  excluded  tha  vital 
stain,  trypan  blue.  These  toxin  treated  celta  still  responded  well  to  ISO  yielding  9108  piMl/ng  protein  in  30 
Minutes  coepered  to  control  cells  which  produced  11,292.  After  4  hours  of  ISO  traatieent,  in  control  calls  cyclic 
AMP  had  declined  to  2138,  and  strikingly,  in  diphtharis  toxin  treated  calls,  cyclic  AMP  wss  6286  thus  deaonstratlng 
the  protective  affect  of  diphtheria  toxin  upon  eatacfiolaalna  desanaltization.  Supported  by  NiH  Grant  Mo.  28940 


40  DIFFEBENTIAL  OOITPLING  OF  M/SCARINIC  RECEPTORS  TO  B7DROLT5IS  OP  PHOSPBOIMOSITIDES  IM 

GUIHEA-FIG  CORTEX  AND  PAROTID  GLAND.  B,  ^Xean  H,  Nahorekl  S.  ^Dept  of  Pharaacol  and 

Biochaa,  AB  RMaala,  S'43l  83  Ndlodal,  Svadan.  ^Dept  of  Pharaacol  and  Mad  Thar,  Unlv  of  LaLcestar,  UK. 

Muscarinic  racaptor  activation  loducaa  a  rapid  hydrolyela  of  phoaphoinoaltidaa  In  eavaral  tlaauaa 
and  allows  exsalnatloo  of  tha  ralatlonahlp  between  agonist  racaptor  occupancy  and  phospholnositlda 
response.  In  the  present  axparlaanta,  gutnaa^plg  parotid  gland  and  cerebral  cortex  were  labeled  with 
3*H'-ayoinoaltol  or  3'‘H'-N'-aathylacopoiuinc  and  atlwulated  with  tha  full  agonlaC  carbachol  and  tha 
partial  agonlat  oxotraworlna  In  tha  praaanca  of  3ai(  of 

Carbachol  ahowad  a  lO-fold  lower  BC5Q^value  <3.7mN)  and  oxotreaorlna  a  3-fold  higher  intrinsic 
activity  (40X)  in  the  parotid  gland  than  In  tha  cortex,  suggaatlng  poaaible  dlfferancea  In  racaptor 
coupling  Co  tha  phoaphoinoaltlda  raapooaa  In  tha  two  tlaauaa.  Thla  poaalblllty  was  axaaloed  by 
Incubating  parotid  gland  and  cerebral  cortex  allcea  with  the  alkylating  agent  baosylchollna  wuatard, 
O.luM,  In  order  to  Inactivate  auacarlnlc  receptors*  Reduction  In  apaclflc  wuscaclnlc  binding  oltaa 
was  acco^>anlad  In  tha  parotid  gland  by  a  rightward  shift  of  tha  carbachol  doaa-raaponaa  curve  and, 
at  higher  receptor  lose,  by  a  auppraaalon  of  tha  waxlMl  reaponaa*  to  cerebral  cortex,  however,  only 
a  daeraaaa  In  tha  Mxlwal  raspooae  was  aaan*  In  both  tlaauea,  the  Baxlaal  reaponaa  of  tha  partial 
agonist  oxotraworlna  was  auppraaaad  without  changing  tha  position  of  the  doaa-raaponaa  curves.  Tha 
binding  affinity  of  tha  agoolata,  la  tha  preaaaca  of  GTP  (lOOuH),  corraaponda  wall  with  tha  aatlMtad 
agonlat  potency  regarding  hydrolysis  of  phoapboinosltldaa  in  tha  banzylchollna  treated  sllcaa. 

Thaaa  results  suggest  a  dlffsraoca  in  tha  extant  of  racaptor  raaarva  In  tha  parotid  gland  and 
cerebral  cortex*  Thla  aay  auggaat  a  dlffaranca  in  coupling  of  tha  ■uacarlolc  receptors  to  tha 
phoaphoinoaltlda  reaponaa  In  tha  two  tlaauaa* 


11  »,-I>ORIIIEKGIC  RSCBmitS  RBDIAIB  IROSITOL  PBOSPBATB  AMD  PMOSTACTCLIH 

roRHATIOM  IH  BOVIMB  ADKBIIAL  NEDOIXARY  EMDOTBBLIAL  CELLS.  &j_EaUteLS> 
Peuarsteln,  B.  Shohaal  and  B.  Pollard,  LCBG,  MIDDB,  NIB,  Batbeada,  MD  20892. 

Adianal  aadullary  andotbelial  calla  are  cloaaly  juxtapoaad  to  adianal  chroBaffln 
calla  but  tba  nature  of  tbelr  interaction  ia  for  the  Boat  part  unknown.  Since  biqb 
concentrationa  of  producta  released  from  cbroaaffin  cclla  certainly  bathe  the 
endothelial  cells,  we  reasoned  that  these  products  say  affect  endothelial  cell 
BetaboliSB.  We  have  found  that  one  coaponent  secreted  froa  cbroaaffin  celis,  ATP, 
stlaulatea  inositol  phospholipid  aetabolisa  and  prostacyclin  foraation  in  cultured 
adrenal  aedullary  endothelial  cells.  Within  IS  sec  after  the  addition  of  1  bM  ATP, 
inositol  trispbosphate  (IP3)  and  inositol  bisphosphate  (IPj)  levels  peak  at  greater 
than  twice  control  levels.  Balf  aaalaal  stiaulation  occurs  at  about  30  uN  ATP  if  IP3 
and  IP2  are  aeasured  at  IS  sec.  ADP  is  alaost  as  potent  and  efficacious  as  ATP  but 
AMP  and  adenosine  have  no  effect.  Other  nucleotides  such  as  GTP,  CTP,  TTP  and  DTP 
are  leas  effective  in  stiaulating  inositol  phosphate  production.  ATP  also  aore  than 
doubles  prostacyclin  foraation  with  half-Baxlaal  effects  occurring  at  about  20  uN 
ATP.  The  nucleotide  specificity  for  prostacyclin  foraation  is  siailar  to  that  for 
inositol  phosphate  production.  We  hypothesise  that  ATP  released  froa  cbroaaffin 
cells  Interacts  with  PA-purlnergic  receptors  on  endothelial  cells  and  stiaulates  the 
foraation  of  prostacyclin  via  tba  generation  of  the  second  aessenger  IP3  and  the 
subseguent  increase  in  lCa^*)i„.  Prostacyclin-induced  vasodilation  of  the  adrenal 
aedulla  may  enhance  the  distribution  of  cbroaaffin  cell  products  to  target  organs. 


42  GTP-tNDEPBMOB^T  STIMULATION  OF  RABBIT  HEART  ADENYLATE  CYCLASE  BY  ISOPROTERBvIOL 

S.E.  Hording ond  P.  Harrlt,  The Cordiothoraclc  InWltuts,  2  Beaumont  Street,  London,  WIN  2DX,  U.K. 

Inproterenol  Wiinulatet  adenylate  cydoat  activity  of  rabbit  heart  earoolemnial  preporatlont  by  the  nine  proportion 
(x2)  whether  or  not  GTP  ii  added  to  the  aaoy  medium.  Thit  GTP-independent  simulation  by  iraproterenol  require! 
the  prerance  of  phyaiologioal  concenlrationi  of  ATP  in  the  oaoy  medium.  Lowering  ATP  from  S  to  O.SmM  almoS 
completely  obolidi^  Simulation  by  O.imM  iioproterenol ,  while  banl  eycloM  activity  wot  unaffected.  Reduction  of 
ATP  concentrotion  from  S  to  O.SmM  decreoted  octiwition  by  lOtAA  GppNHp  from  xlS  to  x9  but  had  no  effect  on 
Simulation  by  200mM  KCI  (xS).  GTP-independent  Simulation  by  iioptoterenol  wot  timilor  with  ATP  from  equine 
mutcle  (Sigma),  ATP  qrotheiiaed  from  adenotine  (Sigma),  ipecial  quality  ATP(BCL)  or  commercial  ATP  further  purified 
In  our  laboratory.  ATP  doei  not  thereibre  oppeor  to  be  a  raurce  of  eonlominating  GTP.  No  ATP  regeneroting  lySem 
wot  preatnt  in  tim  experimenti  beouei  of  pasfbie  GTP  oontominotion  of  the  reogertti.  From  experimentt  whwe  3H- 
GTP  wot  added  to  the  initial  rabbit  heart  homogenote,  it  wot  eSimated  that  the  mcolemmol  preporation  would 
contributeobout  O.lnM  free  GTP  to  the  final  oaoy  medium.  Greater  than  lOnModded  GTP  wai  necemry  to  mimmick 
the  effect  on  Itoproterenol  Simulation  of  raising  ATPfrom  0.5  to  SmM.  The  concentration  of  GDP  in  cardiac  tissue  it 
lower  than  that  of  GTP,  ond  GDP  It  easily  removed  from  cordlac  nrcolemma  by  wadting.  It  it  therefore  unlikely  that 
traraphotphorylotion  of  GDP  to  GTP  by  ATP  and  nucleoSde  dlphoiphote  kinote  could  produce  sufficient  GTP  to 
account  for  the  effects  observed.  GTP  displaced  GppNHp  when  the  two  were  added  to  the  larcolsmmol  preparation 
simultaneously.  ATP  did  not  displace  GppNHp  under  the  some  conditions.  We  conclude  thot  the  effect  of  ATP  on 
Isoproterenol  Simulation  moy  be  medioted  by  a  ste  separate  from  that  at  which  GTP  acts. 


43  IMTPAIKnVMiENVlATBCyaASE  CATALYST  ACTMTYDESBISmZATIONBOOUNTElWCTH)  BY  FORSKOLN. 

Jstoey  F.  Harper,  Oapti  Interns  Medicloa  and  Phannscotogy,  UntvertNy  ot  Texas  MedIcS  SctiooL  HouSon.  TX  77225. 
Oaaanslllzsd  adanyMa  cydsaa  (AC)  rsisets  Mael  can  dasanskizalian  to  bcprateierxil  (ME),  both  in  Ms  dsvekipmenl  snd  Ms 
oounlsraclian  by  1  (AM  but  not  0.1  (At  tarskoln.  Only  S3±7%  (n=12)  S  control  activity  to  stimulation  by  ME  is  ratainad  in  tissue 
dasenslUzad  by  ME  prior  to  mambrsna  piepsSiuo  g^.OI).  73±S%  S  norms  resportsa  (p<.025)  is  ratainad  in  desensMIsed  tissus  to 
stkiwiaUon  by  100  pM  torakoMn  phs  30  mM  MnCIg.  Forakolto  thtnton  dbesnT  counteract  ilesensMiTStlon  in  brotisn  ceMs.  Forskolin 
dbes  counteract  desensRIiSfon  development  when  inctudad  wMh  Isoproteianol  during  kiMiS  intact  call  incubation  wMh  ttie  agonisL 
Membranes  prepared  Star  MsauelncubSlon  in  which  1  tiM  lorSioMn  is  mdudad  wMh  ME  during  the  dasensMizing  inctAwlfon  contain 
fUMy  active  AC  (measured  as  lesponss  to  100  sM  torak^  wWi  MnCtg).  Inelusian  S  0.1  IM  torakuMn,  on  tba  other  hand,  does  not 
counteract  subsequent  AC  daaanaktaalian  (p>0.1  vs.  conbol  and  p<01»  dWarent  from  eltoct  S  1  piM  torakolln),  in  agreement  wMh 
kilael  oSI  cyclic  AMP  accumuWton  atudtoa  (Harper,  XNPPR  9,401.41«.  1904).  AC  desensWiaUon  S  mSnlainad  in  sotubMized 
prsparatiaits.  Parotid  sices  ware  daeensRIied  to  ME,  then  membranes  traeted  rvlh  CHAPS.  The  solubMzad  AC  lelSned  Ms 
desansWzSIon  to  100 IM  forakoln  stbnultllan  rfciring  this  process,  showing  rortoclion  to  B1±8%  S  control  BK.02S,  n=i8).  These  data 
show  thS  desensMIzeBon  is  stSita  to  the  Sfacts  S  CHAPS.  MnCIg  uncouplei  (j,mtedtoted  AC  stimulation  (by  ME  or  GTP-Y.S),  while 
desensMIzSIooloACstImulSlonbyfriialioMnaebsefved.  WheleverproiiucaeilaeensWTSInnaintlmalelyassoclatodwMhAC.  ME 
produces  coocomMant  secretion  rtasansItiTaiInn.  OhAmylasa  secratloo  was  measured  continually  otvdne  to  determine  secretton  rate. 
Wkh  canUnuS  stkmilallan  by  2A  nM  ME  the  secretion  rata  peaks,  then  decMnsa  so  ths  wkhin  00  mfn  basS  secretion  rate  prevails 
deipMa  continued  ME  stiniulatlon.Foialtollneountoracts  this  secretion  dssensMIrstInn  essentially  Immedlalely,  mirroring  Ms  abilMy  to 
ito  so  lor  cyclic  AMP  dssensMIrWIon.  Other  eiqtoilments  show  that  secretion  stimuleted  InMially  by  forskolin  plus  INE  is  makilsinad 
signllleanlly  lenger  (140  1  20  min  dedlrw  time  to  ha»  ol  the  peak,  n«3)  than  wMh  ME  alone  (17 1 2  mki,  nx4).  Forskolin  thus  also 

daleys  secretion  desensWaatlon  to  ME.  There  Is  a  dose  correlation  between  cycMc  AMP  snd  secretion  dasensIMzatlon  not  only  during 

devakipmani  but  also  wMh  lorskolln's  ebMky  to  overcome  dasensMizalion.  Supponed  by  grants  from  fHH  and  CFF. 


*4  NECHANISH  Gf  EMHANCEO  ISOPKOTEBEHOL-STIHULtTED  CAMP  ACCUMULATION  IN  ADIPOCTTES  EXPOSED 
CHIONICALLT  TO  AM  IMHIBITORT  A^  RECEPTOI  AGONIST.  BB  Hofraan,  JM  ThoHS,  H  Chant  and  GM  Beavan. 
Stanford  Unlvoralty  and  VA  Madloal  Cantar,  Palo  Alto,  CA. 

Adlpooytaa  contain  A^  raoaptora  uhioh  Inhibit  llpolyala  by  auppraaalnt  Intraoallular  cAMP 
asowulatlon.  Ha  haaa  found  that  rata  baooaa  tslarant  to  tha  antlllpolytie  affaeta  of  tha  A^ 
afoniat  phanyliaopropyladanoalna  (PIA)  during  6  daya  of  oontlnuoua  Infuaion.  Tolaranca  In 
adlpooytaa  laolatad  froa  PIA-lnfuaad  rata  la  llkaly  axplalnad  by  tha  10  fold  graatar 
laoprotaranol-atlaulatad  oAMP  aoouaiilatlon  In  tbaaa  oalla  than  In  controla  (J.  Clin.  Invaat,  In 
praaa).  Tha  praaant  atudiaa  axaalna  tha  aaehanlaa  for  tha  anhanead  ataady-atata  cAMP  acouaulatlon 
In  raaponaa  to  laoprotaranol.  laoprotaranol-atlaulatad  oAHP  production  rata  (paol/10^  calla/aln) 
waa  Inoraaaad  In  oalla  froa  PIA-lnfuaad  rata:  29l£l3  ;>»  77£l6  In  oontrola.  laoprotaranol- 
atlaulatad  adanylata  oyelaaa  activity  waa  Inoraaaad  2  fold  In  aaabranaa  froa  treated  oalla.  Alao, 
the  oAMP  degradation  rata  uaa  daoraaaad  la  oalla  froa  PIA-lnfuaad  rata  (0.18  £.03  aln  ~')  coapared 
with  oontrola  (0.3<l  £  .03  aln  Tha  ability  of  PIA,  PGE^  and  nicotinic  acid  to  suppresa 
laoprotaranol-atlaulatad  oAMP  acouaulatlon  uaa  axaalnad.  Hhlla  thaaa  agonlata  each  Inhibited  cAMP 
aoouaulatlon  >9S1  In  both  groupa,  EC^'a  uara  Inoraaaad  100  fold  (PIA),  10  fold  (PGE^)  and  3  fold 
(niootlnle  aold)  in  oalla  froa  PIA-lnTuaad  rata.  Thaaa  raaulta  Indicate  that  prolonged  expoaure  of 
adlpooytaa  to  PIA  laada  to  greater  laoprotaranol-atlaulatad  cAMP  acouaulatlon  due  to  enhanced 
production  and  daoraaaad  aatabollaa  of  oAMP.  Also,  thaaa  calls  are  hetarologously  desensitized  to 
raoaptor-aadlatad  o^Mf  Inhibition  but  tha  largest  change  oocurad  at  A^  receptors.  Soae  of  the 
results  have  anslbglas  to  adaptations  to  narcotlos  that  occur  In  nerve  cells. 


MODULATION  OF  ADEHTLATE  CYCLASE  ACTIVITY  IN  MCB-20  CELLS  BY  THE  PROTBIM  KINASE  C 
ACTIVATOR,  PBORBAL-12-KYR1STATE-13-ACBTATE.  Elizabeth  B.  HclllngsuorCh  and  John  U.  Daly, 

Laboratory  of  Bloorganlc  Chenlatry,  NIH,  Bethesda,  MD,  20S92 

Tha  activation  of  protein  klnaaa  C  through  tha  addition  of  phorbal  estara,  such  as  phorbal-12- 
aqrrlatate-13-acetate  (FHA)  ncdulatea  reaponaiveneas  of  the  cyclaaa  systea.  In  aany  cell  types. 

In  tha  nauroblaatoaa  x  Chlnaae  haaatar  a^ryonlc  brain  explant  hybrid  cell  lliw  (M(3-20)  addition 
of  PMA  results  In  a  down  regulation  of  recaptor-aadlatad  accuaulatlon  of  cyclic  AMP.  Down 
regulation  by  PMA  occurs  within  S  alnutea  and  is  still  apparent  at  15  nlnutea.  This  occurs  In  a 
concentration  dependent  nanner  with  an  EC50  for  PMA  of  3  x  10-8M.  Accuaulatlons  of  cyclic  AMP  that 
*Fa  elicited  by  prostaglandin  Ej,  vasoactive  lotaatlnal  peptide  or  2-chloroadenoslne  are  decreased 
In  the  praaenca  of  PMA.  RasponSaa  to  a  prostaglandln-forakolln  conblnatlon  are  alao  reduced 
by  PMA.  But  accuaulatlons  of  cyclic  AMP  that  are  elicited  by  forakolln  In  the  absence  of  a  receptor 
agonist  are  unaffected  by  tha  presence  of  PMA  for  the  first  10  alnutea.  After  10  alnutes  the 
accuaulatlon  of  cyclic  AMP  elicited  by  forakolln  alone  dacraaaaa  steadily  to  a  value  about  SOX 
of  the  Mlaal  level  attained  at  about  5  alnutea.  PMA  coapletely  prevents  the  decline  In  the 
forakolln  raaponaa.  Inhibition  of  cyclic  AMP  generation  by  dopaaloa  la  not  dlalnlahed  by  PMA 
suggesting  the  racaptor-lnput  through  tha  inhibitory  (Ml)  guanylnucleot Ida  binding  protein 
la  still  functional  after  PMA  treataent.  The  inhibition  of  receptor-aedlated  reaponaes  by  PMA  Bay 
represent  a  protein  kinase  C-aadlated  enhancaaent  of  desens  It  Iza  cion,  although  other  aechanlaas 
Arc  poccloXCa 


46  AIi«H2-ADNBBClC  WCEPICTS  MCTZVXIE  OCIMEZ  IN  NEUROBUSRMl  X  GUOm  nnis. 

Lori  L.  Ison  and  Lee  E.  UablDd,  Vhndezbilt  Ohlvarsiw,  fbshville,  Thnnesaee. 

Aliihap-adtenerglc  rnoeptnrs  (a2AR)  aze  one  of  a  pcpilaticn  or  reonMnra  linkad  to  the  inhibition 
of  adulate  cyclase  thtciqh  a  <3IP  binding  pcotein  ((a) .  However,  in  tesny  systass,  the  physiological 
effects  ellcitnby  ooAR  camot  bs  explainn  solely  by  deczeases  in  oNV,  suggesting  the  existence  of 
other  zegulatzary  patlMBys  that  aze  aestivated  by  a2Nt  oon^ticn.  Reoent  data  fzon  our  labcratazy  show 
that  aM.  on  the  laasn  platelet  activate  a  phcaphatidylinositol-hydzolyzing  phnephnlipase  A2  via  a 
nechanlam  involving  NsMit  oechange  in  ezder  to  evolve,  ultinately,  plMslet  seczetion. 

Me  have  evonlnea  whether  a2AR  might  activate  exchange  in  IdOB-lS  neurcblastona  x  gliona 

hybrid  oells  using  the  pH-senaitim  peebe  2,7-biscaabopcycthyl-5(6)-<azboocyflucroeoein.  ttwn  the 
intracellular  pH  (pHl)  of  NG108-15  cslls  in  KX}3-fzee  nadltae  is  zeduoed  the  external  acDlioaticn 
of  aentate,  the  zeczxwy  of  pHi  to  its  zesting  value  is  blocked  by  the  zcnxxral  of  extraoellular  Nat, 
by  tha  addition  of  extraoellular  Ht  and  by  vazioua  aadJoride  anidogs.  The  recovery  of  pHi  eidiibita  an 
ionic  selectivity  of  Net  >  lit  >  reoevazy  cbeezved  in  N-nethyl-d-gluceadne.  Iheae  data 

indicate  that  tha  regulation  of  pHi  in  NUO^IS  oells  isxJer  these  experiaental  cenditione  is  due 
priamr^  to  the  functioning  of  a  Nat/lft  antiporter. 

exchange  in  NG108-15  oells  is  sooslezatad  by  sjAR.  Thus,  (l)-epinephzine,  but  not 
(d)-e[unephrins,  elicits  an  intracellular  alkalinization  that  is  bloidced  by  yohistiine  but  not  prazosin 
or  procrarxilol.  The  a2AR  agonists  ncrepinephrine,  clonldine  and  UK-14304  also  oauec  alkalinization  of 
NGlO^lS  cells,  whereas  isapzotsranol  and  chanylapfarine  do  not.  FiirtheziBare,  the  effieci  of  a2NR 
agenists  to.alkalinlae  the  interiar  erf  NGIOO-IS  oells  is  bbxBoed  by  the  eenipulations  utilised  above 
to  block  Nb'vH'  SDOchange.  These  data  indicate  that  ajAR  in  NG108-15  qbIIb  activate  exchange, 

and  further  aikjgBaL  that  the  aooeleration  of  NeViT''  exchange  ney  be  a  laechanlaB  exiam:  to  a2AR  in 
many  cellular  aystens. 
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PHOSPHATIDYLINOSITOL  HYDROLYSIS  IN  PERMEABILIZEO  EMBRYONIC  CHICK  HEART  CELLS.  Linda  G. 
Jones  and  Joan  Heller  Brown.  Departaent  of  Medicine,  U.C.  San  Diego,  La  Jolla,  CA  92093 
We  have  shown  that  stimulation  of  muscarinic  receptors  In  dissociated  embryonic  chick  heart  cells 
promotes  the  hydrolysis  of  the  phospholnositides  resulting  In  acctieulatlon  of  the  breakdown  products 
Inositol  tris-,  bis-,  and  mono-phosphate  (IP,  IP.,  and  IP.).  In  order  to  address  the  question  of 
whether  a  guanine  nucleotide-binding  protein  codples  receptor  stimulation  to  PI  hydrolysis  In  the 
chick  heart  cell,  we  developed  a  saponin-permeablllzed  cell  preparation.  The  extent  of  permeabillza- 
tlon  was  assessed  by  trypan  blue  exclusion  and  the  release  of  lactate  dehydrogenase.  In  the  permea- 
blHzed  cell  preparation  GTPIS  alone  was  found  to  Increase  the  accumulation  of  IP,  IP,  and  IP,, 
suggesting  that  a  polyphosphatidyl  Inositol  phospholipase  C  was  activated.  This  effect  was  found  to  Be 
specific  for  guanine  nucleotides,  as  GppfNHjp  and  GTP  were  also  effective  while  App(NH)p  was  not.  The 
response  to  GTPrS  occurred  In  a  dose-dependent  fashion  with  half-maximal  stimulation  obtained  at  1  pH 
GTPKS.  GTPIS  was  Ineffective  In  promoting  PI  hydrolysis  In  the  Intact  (nonpermeablllzed)  chick  heart 
cell  except  at  high  concentrations  (30-100  uM).  While  carbacho!  has  been  shown  to  stimulate  PI 
hydrolysis  In  the  Intact  cell.  It  was  Ineffective  In  promoting  this  response,  either  alone  or  In 
combination  with  GTPIS,  In  the  permeablllzed  cell  preparation.  Muscarinic  receptor  binding  studies 
demonstrated  the  same  nimW>er  of  receptors  on  permeablllzed  as  on  Intact  cells.  In  addition,  carbachol 
was  found  to  effectively  compete  for  ['^H]NMS  binding  sites  with  the  same  K.  In  both  cell  preparations, 
suggesting  no  change  In  receptor  binding  affinity  in  the  permeabU  1  zed ‘cell .  The  loss  of  the  PI 
response  to  hormone  may  reflect  an  uncoupling  of  receptor  stimulation  to  PI  hydrolysis  due  to  the 
saponin  treatment.  That  GTPIS  alone  stimulates  this  response  provides  evidence  for  guanine  nucleotide 
regulation  of  phospholnositide  turnover  In  the  heart. 


48  AGONIST  INDUCED  PHOSPHORYLATION  OF  THE  CARDIAC  MUSCARINIC  RECEPTOR.  Madan  M.  Kwatra, 

Arie  Haan,  Katharyn  K.  McMahon,  and  M.  Marlene  Hosey.  Dept,  of  Biol.  Chemistry  A  Structure,  The 
Chicago  Medical  School,  3333  Green  Bay  Road,  N.  Chicago,  IL  60064. 

He  have  tested  the  possibility  that  regulation  of  cardiac  muscarinic  receptor  function  may 
involve  receptor  phosphorylation.  Chick  heart  muscarinic  receptors  were  purified  from  relatively 
small  amounts  of  tissue  to  near  homogeneity  using  a  three-step  chromatographic  procedure  that  uti¬ 
lized  the  affinity  chromatography  procedure  of  Haga  and  Haga  (J.  Biol.  Chem.  2S8,  13676-13679, 

1983).  The  purified  preparations  contained  a  single  major  peptide.which  migrated  on  NaOodSO^  gels 
with  an  apparent  M  of  79,000.  When  receptors  were  purified  from  ^^P-bathed  hearts,  a  single  major 
phosphopeptide  eluted  from  the  affinity  colimn  and  comigrated  on  NaDodSO,  gels  with  the  band  of 
stained  receptor.  Treatment  of  hearts  with  the  agonist  carbachol  led  to  marked  increases  (10-12 
fold)  in  the  phosphorylation  of  the  receptor.  Ligand  binding  assays  performed  with  membranes  iso¬ 
lated  from  control  and  carbachol -treated  preparations  indicated  that  the  carbachol  treatment  led  to 
decreases  in  the  ability  of  the  receptor  to  recognize  agonist  with  high  affinity.  The  results  show 
that  the  muscarinic  receptor  is  a  phosphoprotein  in  cardiac  tissue,  and  that  treatment  with  a  recep' 
tor  agonist  regulates  its  phosphorylation  in  the  intact  cell.  Phosphorylation  of  the  receptor  may 
be  correlated  with  the  process  of  receptor  desensitization.  (Supported  by  NIH  grant  HL  31601  and 
the  American  Heart  Association.) 


CYCLIC  GMP  AND  ALPHA-2  ADRENERGIC  RECEPTORS  MODULATE  TOTAL  GLUCOSE  UTILIZATION  (GLU) 
AND  INSULIN  RELEASE  IN  PANCREATIC  ISLETS  OF  LANGERHANS  OF  THE  RAT.  S.C.  IjiYclwck.  Department  of 
Pharmacology  and  Toxicology,  Medical  College  of  Virginia,  Richmond,  Virginia  23298. 

Dynamic  changes  in  GLU  in  isolated  islets  were  determined  by  quantitation  of  the  formation  of 
^HzO  from  D-[5-0h1  glucose.  The  sddition  of  8-bromo  (Br)-cCMP  (0.02-2  mM)  or  monobutyryl-cGMP  to 
the  islets  during  a  linear  phase  of  glucose  utilization  resulted  in  concentration-  and  time-depen¬ 
dent  increases  in  GLU.  The  effects  of  Br-GHP  occurred  within  3  min  with  10  mH  glucose.  Stimulatory 
effects  of  Br-cGcfP  were  observed  in  the  presence  of  cyclohezimlde.  Analogues  of  cAMF,  cIHP,  or 
3*-GHP  did  not  mimic  the  effects  of  Br-cGHP.  Insulin  release  from  Islets  incubated  in  the  absence 
of  glucose  was  not  changed  by  addition  of  Br-cGMF  (2  mM) ,  however,  glucose  (10  aH)-stimulated 
insulin  release  was  potentiated  by  Br-cGHP.  Br-cGHP  did  not  alter  Inaulln  secretion  in  response 
to  glyceraldehyde  or  2-ketoisocaproic  acid.  Islet  beta  cells  are  regulated  by  alpha-2  adrenergic 
receptors,  and  GLU  and  Insulin  release  were  inhibited  in  Islets  incubated  with  clonldine  or 
epinephrine;  yohiahlne  antagonized  this  effect.  Br-cGMP  increased  GLU  snd  insulin  release  in 
clonldine-  or  catecholamine-treated  islets.  Carbamylcholine ,  which  stimulates  cGHP  production  in 
islets,  reversed  the  Inhihitlon  of  GLU  by  clonldine,  and  3-lsobutyl-l-methylxanthlne  enhanced  the 
stimulatory  response  to  carbamylcholine.  Carbamylcholine  alone  did  not  alter  GLU.  In  conclusion, 
GLU  in  the  islet  is  nodulated  by  cGHP.  Alterations  in  GLU  probably  mediate  the  effects  of  cGHP  on 
insulin  release.  In  addition,  cGHP  antagonizes  the  inhibitory  effects  of  alpha-2  adrenergic 
receptor  agonlsn  on  GLU  and  insulin  release.  Supported  by  NIH  grant  AM23703. 
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DESENSITIZATIOM  AHD  PH0SPH(AYLAT10M  OF  a. -ADRENERGIC  RECEPTORS  COUPLED  TO  INOSITOL 
PHOSPHOLIPID  METABOLISM.  L.M>F.  U«b-LuAdberg.  S.  CoCecchU,  M.G.  Caron  and 
R.J.  Lafkovlca.  Duka  Unlv.  Mad.  Ctr.«  DuthaB.  N.C. 

Noraplnaphrine  (NE)  acting  through  a  -adraoarglc  racaptors  (a.AR)  Influanca  calla  via  Inositol 
phospholipid  hydrolysis  and  ganaration  df  the  tvo  second  massangars  inositol  trisphosphate  and 
diacylglycarol.  Continuous  exposure  of  DDT.  MF'2  aaooth  auscle  cells  to  NE.rasults  in  a  draaatic 
attenuation  of  a.AR  function  as  Beaaurad  by^NE-stiaulatad  incorporation  of  ^P.  into  phosphatidyl- 
inositol  and  phosphatidic  In  addition*  NE  exposure  reduces  the  nuaber  of  accessible  cell 

surfaca  a.AR  as  assayed  by  [  H]prazosin  binding  to  Intact  cells  at  4*C.  Purification  of  a.AR  froa 
P* labeled  calls  desensitised  with  NE  yields  the  phosphorylated  M  80R  ligand  binding  peptide.  The 
tise  courses  of  receptor  phosphorylation  and  attenuation  of  receptSr  nuaber  and  receptor  function  are 
very  coaparable  being  half^Mxiaal  within  1-2  ain.  The  tuaor-proaotlng  esters  (PE)  (Leeb-Lundberg  et 
el. *  P.N.A.S,  82,  5651- S65S,  1985)  and  the  vasoactive  peptide  bradykinin  also  induce  desensitization 
and  pKosphorylatlon  of  a^AR.  However,  unlike  NE  neither  PE  nor  bradykinin  reduce  the  nuaber  of  cell 
surface  a.AR.  Virtually  the  saae  tryptic  phosphopeptldes  are  obtained  from  phosphorylated  a.AR 
derived  froa  cells  treated  with  NE,  PE  and  bradykinin.  The  various  agents  induce  phosphorylation  on 
serine  and  threonine.  These  results  indicate  that  desensltlzation  of  a.AR  is  paralleled  by  an 
increase  in  phosphorylation  at  specific  sites  in  the  M  80R  a.AR  peptide,  a  AR  agonists,  in 
addition,  proBOte  a  decrease  in  accessible  cell  ^yrface  a.AR  receptors.  Thus,  phosphorylation  of 
receptors  linked  to  the  inositol  phospholipid/Ca  signal  transduction  pathway  may  represent  an 
iaportant  aechanisa  of  regulation  of  receptor  responsiveness. 


51  SYNERGISTIC  ACTION  OF  ADENOSINE  (ADO)  AND  fMET-LEU-PHE  IN  RAISING  cAMP  CONTENT  OF 

HUMAN  MONOCYTES.  E.J.  Leonard  and  K.R.F.  Elliott,  National  Cancer  Institute,  Frederick,  MD  21701. 

The  release  of  superoxide  by  human  monocytes  in  response  to  fMet-Leu-Phe  was  inhibited  by  ADO. 
Comparison  of  the  potency  order  of  ADO  tnalogues  with  published  data  suggested  that  ADO  acts  on 
the  stliBulatory  receptor  for  adenylate  cyclase.  Since  elevations  of  cAHP  inhibit  superoxide 
release,  %fe  deterialned  cAMP  content  of  ADO  treated  cells,  and  the  effect  of  stimulation  by  fMet- 
Leu-Phe.  The  Table  shows  Increases  of  cAKP  above  the  basal  level  of  1.3  -f  0.2  in  5  experiments. 

Stimulus  Increase  in  cAMP,  paoIs/1^  monocytes 

A.  fMet-Leu-Phe,  1  min.  1.3  +  0.2 

B.  Adenosine,  3  min.  0.4  7  0.3 

Sum  of  A  and  B  1.7  7  0.4 

C.  Adenosine,  3  min;  fMet-Leu-Phe  "* 

added  after  2  min  of  adenosine  3.5  *  0.7 

_ C/(A  B)  _ 2,2  *  0.3 _ 

Stimulation  of  monocytes  with  fMet-Leu-Phe  increased  cAMP.  This  w^  previously  shown  for  neutro¬ 
phils,  in  which  the  rise  in  cAMP  was  attributed  to  inhibition  of  phosphodiesterase  (PDE),  since 
adenylate  cyclase  did  not  increase.  When  ADO^treated  monocytes  were  stimulated  by  fMet-Leu-Phe, 
the  increase  in  cANP  was  twice  the  sum  of  the  increases  induced  by  the  2  agents  alone.  These  data 
suggest  thst  the  increase  in  cAMP  by  ADO-induced  cyclase  activation  is  limited  by  the  activity  of 
PDE,  and  that  Che  latter  can  be  inhibited  by  fMet-Leu-Phe. 


52  A  GTP-BINDING  PROTEIN  MEDIATES  SOMATOSTATIN  INHIBITION  OF  CALCIUM  CURRENT.  Deborah 

L.  Lewis.  ARmmo  Luini.  and  Forrest  F.  Weight.  NIAAA,  Rockville.  MD  20652  and  NIMH,  NIH,  Bethesda.  MO  20892. 

Somatostatin  inhibits  the  voltage^dependent  calcium  current  measured  by  the  whole-cell  patch-clamp  technique,  in  the 
neurosecretory  pituitary  cell  Ine  AtT-20/Oi6-i6.  We  tested  the  involvement  of  guanine  nucleotide-binding  proteins,  G  proteins,  in  the 
signal  transduction  mechanism  between  the  somatostatin  receptor  and  the  voltage-gated  calcium  channel. 

The  patch-clarrp  method  was  used  to  record  the  calcium  current  In  the  whole-cell  voltage-clamp  mode.  The  extracellular  solution 
contained:  150mM  TEA-CI.  0.8mM  MgCl2.  5.4mM  KCi,  lOmM  CaCI^.  lOmM  HEPES/CsOH  (pH  7.4),  and  1pM  tetrodotoxin  with  an 
osmolarity  of  340  mosmol/Kg.  The  intracellular  patch  pipette  solution  contained;  120mM  CsCt,  1  imM  EGTA,  2mM  TEA-CI,  2mM  MgCl2. 
10mM  HEPES/CsOH  (pH  7.4),  4mM  MgATP,  20mM  creatine  phosphate,  and  50  U/mi  creatine  kinase  with  an  osmolarity  of  318 
mosmol/kg.  The  nonhydrofyzable  GTP  analog,  guanosine  5'-(3'0-mio)triphosphate  (GTPjS),  was  added  to  the  patch  pipette  solution  at  a 
concentration  of  lOQpM.  Some  patch  pipettes  had  an  addHtonal  tOOpM  cAMP  and  imM  IBMX.  CeNs  were  voltage  clamped  to  a  holding 
potential  of  -60mV  and  stepped  to  >i'10mV.  the  peak  of  the  current-voltage  relationship  for  calcium  current.  All  recording  was  at  room 
temperature.  20-22X.  Somatostatin  was  appied  via  a  macropipette  lowered  Into  the  recording  bath  near  the  surface  of  the  cell  under 
study.  The  macropipette  was  withdrawn  from  the  bath  to  terminate  somatostatin  appication. 

Pertussis  toxin  treatment  (I00ng/mi,  overnight),  which  blocks  the  function  of  the  GTP-birxling  proteins  (3i  and  <3o.  completely 
abolished  the  action  of  somatostatin  on  calcium  current.  Intracellular  application  of  lOOpM  GTP>6  via  the  patch  pipette  renendered 
irreversible  the  somafosfafln-induced  inhibition  of  calcium  current,  in  addition,  GTPyS  alone  caused  a  slow  decline  in  the  calcium  current 
ampitude  over  500  s.  When  calcium  current  was  inhibited  by  OTP^S  (alone  or  with  somatostatin),  there  was  Ittie  or  no  response  of 
caldum  current  to  subsequent  appication  of  somatostatin.  The  affect  of  somatostatin  on  calcium  current  was  not  altered  by  intracellular 
appication  of  cAMP  (tOOpM)  and  IBMX  (ImM)  alone  or  in  the  presence  of  GTPyS.  The  results  suggest  that  the  somatostatin  receptor  is 
coupled  to  a  GTP-binding  protein  which  metf  ates  inhibition  of  voltage-dependent  calcium  channels  in  a  cAMP-independent  manner. 
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iHcis«sED  cigcuc  fuujmc  soniEsis  n  KxicnES  fkm  pmriBns  wm  xmc  ixmiTnis  hht  s  icuiq)  id 
AENCiMH.  (jtP-BDtHIC  MUIEIHS.  R.  LLewil.  S.C.  Own,  JM.  Iknifln.  Ortgxi  Health  Sclentaa  Uhlveralty,  FbrUandi 
Ot'aaai  97201. 

Hnxuclear  leukocytea  (ML)  fhom  patients  with  atcpic  doaatltls  (AD)  have  hl^ier  taaal  aderylate  cyclaae  (AC)  activity 
lut  a  (dinted  respcnae  to  a  variety  cT  haegnea  Including  beta-oAgiergic  esnlats  and  prostaglandins.  Rnphcdnosltlde 
(PI)  pathiqy  atncmBUtlea  Include  Increased  Incapcretltti  of  trltlatad  Insltol  Into  phcsptoiiKBltldee  In  AD  NLs.  The 
signal  trenaductlon  systeai  Innlvlng  (HP-tilnding  (rotelns  Is  asscclated  with  both  AC  and  PI  patlaays,  atd  aay  be  the 
site  at  a  ccancn  defect  In  AD.  Me  tested  AC  activity  of  ML  aaetranea  with  CTIP  and  Gpp(IU)p,  as  ncn-horeonal  stlaulators, 
to  probe  for  a  defect  In  the  AC  reoeptcr-ooupllng  systae.  MLs  were  Isolated  Orem  peripheral  blood  on  Hypaque/Plcoll 
ffadlents,  and  ecnocytas  separated  ftoei  platelets  and  lyephocytes  ty  aitierence.  Hadigiaa  were  pi’etaied  ^  freeae-fbectiaie 
of  cells,  Dcuioe  hmnffniTBtlai,  oentrlfu^tlcn  at  AS.oaig  and  reausperalcn  of  the  pellet  by  actdcatlon.  MeaUaies  were 
aaij^  (hr  AC  activity  by  SoloKii's  eethod  using  32P-labeled  ATP  as  atAstrate  (Or  adenylate  cyclase.  Ftardoolln  (FSC)  and 
Ml  were  used  as  catalytlcHfiit  actlwtcrs.  Basal  AC  activity  of  acnocyte  Beetranes  of  ncnals  tas  0.22  *  0.09  (S.EJ1.  L 
nnH  cAH’/eg.  protein  /3Qiiin.,  ccapeted  to  0.60  «  0.08  mol  in  AD  aoiocytes  (n=6,p<0.oe5).  Stleulatlng  with  OppdiOp  lO*^ 
caused  a  net  Increase  of  2.A2  *  0.6B  lacl  cAAP  In  ncml  ugitigiae  and  4.67  ^0.44  rasl  In  AD  preparations,  l.e. ,  a  2-fold 
Saater  Increase  in  AD  odqpered  to  nonal  AC  activity.  Fac  also  camd  a  ^aater  Increeae  In  AC  activity  In  AD  ocriDcytas. 
The  saeter  cAK’  pcoductlcn  by  AD  ecrocytes  in  reapenee  to  the  DIP  analog  auggests  that  the  defective  ragilatlcn  of 
cAAP  synthesis  eay  Inwilve  one  or  both  G  proteins,  with  an  Increased  stlsulatcry  (Gs)  effect  end/or  less  irtilbltory 
(Gl)  Influenoe  oi  AC  catalysis. 


ADENYLATE  CYaASE  (AC)  OF  DIFFERENTIATED  (=READIP0CYTES  IN  PRIAAARY  CULTURE:  RELATIVE 

lack  of  Ni  may  determine  TAC  difference  FROM  ADIPOCYTES  OF  PROSTAdANOIN  Ei  (PGEi)  AND 

catecaklamine  responses 

Z.O.  LU.  M.A.  PIWEYRO,  J.  KIRKLAND,  Z.H.  LI,  and  R.I.  GRE(XHMAN,  Gerontology  Res.  Ctr.,  NIA, 

NIH,  F.S.K.  Med.  Ctl.,  Baltleiore.  HO  21224 

Preadipocytes  derived  from  tAie  stromal -vascular  fraction  of  collagenase  digested  perirenal  fat 
pads  of  Fisher  344  rats  grow  In  o-ACM  containing  lOX  FCS  to  confluence  and  accumulate  lipid  by 
12  days.  The  cells  show  AC  activity  stimulated  by  GTP,  Gpp(NAl)p,  NaF  and  forsltolln,  but  response 
to  Isoproterenol  and  epinephrine  Is  minimal  (1.88  t  >7$  »  basal,  n  s  12,  and  2.06  t  .75  x  basal, 
n  s  10,  respectively).  In  contrast,  GTP-dependent  activation  of  AC  by  PCEj  (10-N)  is  7.55  + 
l.Il  X  basal  (n  s  8),  This  activation  occurs  even  in  the  presence  of  140  mM  Na*,  a  condition 
which  leads  to  PGEi  Inhibition  of  AC  in  mature  adipocytes.  Also  unlilte  the  AC  of  mature  adipo¬ 
cytes,  fotskol In-activated  preadipocyte  AC  does  not  show  a  franix  Inhibition  by  GTP,  and  pertus¬ 
sis  toxin  treatment  raises  basal  and  enhances  stimulation  by  GTP  and  PGEi.  Pertussis  toxin 
labelling  of  Nj  with  32p.n4d  (25  uM)  straws  about  25*  of  ttie  Ni  of  adipocytes.  The  results  indi¬ 
cate  tAiat,  unll)<e  adipocytes,  the  differentiated  preadipocytes  have  not  developed  a  fully  func¬ 
tional  N^  pathway.  A  lowered  ratio  of  NttNg  may  also  relate  to  failure  of  activation  by 
catecholamines. 


55  DOWN  REGULATION  OF  INTERLEUKIN  1  (IL  I)  RECEPTOR  EXPRESSION  BY  IL  I  AND  PATE  OP  INTERNALIZED 

125i-labeLP.D  IL  l-»  IN  HUMAN  LARGE  GRANULAR  LYMPHOCYTE  CELL  LINP..  Koull  Matsushima  sikI 
Joost  J,  Oppenhels.  Laboratory  of  Molecular  lamunoreRuIatlon,  BloloRlcsI  Response  modifiers  Program, 
Division  of  Cancer  Treatment,  NCI,  NIH,  Prederlclt  Cancer  Research  Facllltv,  Frederick,  MD  21701 

The  regulation  of  Interleukin  I  (IL  1)  receptor  expression  on  a  human  large  grenuler  lymphocyte  cell 
line,  YT,  and  fate  of  internelleed  1-r)  were  studied.  YT  cells  respond 

exogenously  added  IL  1  by  expressing  high  affinity  IL  2  receptors,  and  do  not  produce  IL  1.  In 
addition,  YT  cells  conatltutlvely  express  about  7  x  lO"^  IL  1  receptor  per  cell  with  a  KD  of  -10“*^. 
Neither  IL  2,  phorbol  myrlatlc  acid,  nor  llpopolysaccharlde  affected  the  total  binding  of 
1-B  by  YT  cells.  In  contrast,  the  cspaclty  of  YT  cells  to  bind  i-g  vhen  incubated  at  37*C 

for  3  to  16  hr  with  a  low  dose  of  purified  IL  l-R  (-6  U/ml)  was  reduced  by  >ROZ.  The  binding 
capability  of  YT  cells  recovered  by  16  hr  after  removal  of  IL  l-R.  Acid  treatment  of  YT  cells  to 
remove  bound  125ii_g  showed  that  50Z  of  the  '^Sy-xL  1-B  bound  to  cells  could  no  longer  be  recovered 
after  30  min  at  37*C  end  and  this  increased  to  BOX  after  3  hr  at  37*C.  Fractionation  of  cell  extracts 
on  Percoll  gradient  further  showed  that  after  receptor  binding  on  plasma  membranes,  '75x-xl  1-g  could 
lie  successively  recovered  from  Intracellular  sites  associated  with  some  membranous  organelles 
(d-1.037),  with  an  Intermediate  density  organelle  (d'l.OlO),  and  to  finally  end  with  the  lysoeomal 
cell  fractions  (d-1.05  to  1.08)  at  about  3  hr  at  37*C.  Only  ~  5X  of  Internalised  125x_n,  |-g  ,ne 
released  Into  culture  media  by  6  hr  of  incubation  at  37*C.  This  observation  suggests  that  the  low 
number  of  detectlble  receptors  for  IL  1  on  many  cell  types  may  be  attributable  to  persistent  down- 
regulation  by  low  levels  of  exogeneous  IL  1. 
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UNCOUPLING  OP  THE  MITOGENIC  RESPONSE  OP  INSULIN  ANU  ICP-I  STIMULATION  W  DIPPEKENTIATED  ^ 
HUMAN  SH-SY5Y  NEUROBLASTCMA  CELLS.  M.E.K,  Martagnn  ,  G.  Enberg  ,^^8.  Gaaneltoft  ,  K.  Hall 
and  S.  Plhlaian»  ^apartmant  tof  Pathology.  University  of  Uppsala*  Sweden,  Department  of  Endocrinology, 
Karolinska  Institute,  Stockholm,  Sweden,  ^Department  of  Clinical  Chemistry,  Bispebjerg  Hospital, 
Copenhagen,  Denmark. 

Insulin  and  insulin-like  growth  factor  I  (ICP-I)  induce  at  physiological  concentrations  ornithine 
decarboxylase  activity,  H*thymidine  incorporation  and^^^ll  division  in  SH^SYSY  neuroblastoma  cells. 

The  cross^reactivity  pattern  in  binding  studies  using  I-labelled  ligands  and  cross-linking  experi¬ 
ments  followed  by  analysis  of  the  ligand-receptor  complexes  by  SDS-electroforeses,  have  shown  that  the 
SH-SY5Y  cells  express  insulin,  IGF-I  and  IGP-II  receptors.  The  molecular  weights  of  the  insulin/IGP-I 
receptors  and  the  IGF-II  receptor  were  130  kD  and  250  kD,  respectively.  The  biologically  active 
phorbol  ester  12-0-tetradecanoyl-phorbol-13-acetate  (TPA)  induces  growth  inhibition,  morphological  and 
functional  differentiation  in  $H-SY5¥  cells.  The  mitogenic  response  (induction  of  ornithine  decarbo¬ 
xylase  activity  and  ^H-thymidine  incorporation)  to  insulin  and  IGP-I  is  lost  in  cells  treated  by  TPA 
for  4  days.  However,  TPA-treated  cells  still  bind  insulin  and  IGF-I.  In  contrast,  the  IGF-II  binding 
disappears,  during  TPA  treatment.  The  insulin  and  lCP-1  receptor-mediated  mitogenic  signals  are  appa¬ 
rently  uncoupled  at  an  unknown  stage  of  the  intracellular  mitogenic  pathway.  In  an  attempt  to  localise 
the  step  at  which  TPA  differentiation  interferes  with  the  mitogenic  signal  transduction,  we  have 
analysed  whether  or  not  early  effects  of  insulin  and  IGF-I  stimulation  in  non-treated  cells  still  are 
induced  after  TPA-treatment.  This  includes  receptor  autophosphorylation,  setin  reorganisation  and 
c-fos  expression. 


57  ENHANCEMENT  OF  HORMONE-STIMULATED  CYCLIC  AMP  ACCUMULATION 

IN  HUMAN  MONONUCLEAR  LEUKOCYTES  BY  A  FACTOR  IN  SERUM 

Harvey  Motulsky,  Div.  Pharmacology,  Univ.  Cal.  San  Diego. 

Human  mononuclear  leukocytes  (MNL)  contain  beta-adrenergic  and  histamine  receptors 
coupled  to  a  stimulation  of  adenylate  cyclase,  and  are  a  popular  model  system  for  studying 
the  regulation  of  receptors  and  adenylate  cyclase  in  humans.  We  have  found  that  MNL 
prepared  at  4*  accumulate  fivefold  more  cAMP  in  response  to  isoproterenol  than  do  MNL 
prepared  at  ambient  temperature.  Warming  these  MNL  prepared  at  4*  did  not  decrease  cellular 
ATP  levels,  but  lowered  cAKfP  accumulation  stimulated  by  isoproterenol,  histamine,  and 
prostaglandin  E|l,  but  not  forskolio.  Similar  results  were  obtained  in  cells  pretreaied  with 
pertussis  toxin  to  fOtctivace  the  inhibitory  guanine  nucleotide  bindiiag  protein.  The 
difference  between  the  two  batches  of  MNL  could  only  be  observed  in  intact  cells;  no 
difference  was  observed  in  isoproterenol-stimulated  adenylate  cyclase  activities  in  membranes 
or  in  phosphodiesterase  activities  in  homogenates.  cAMP  accumulation  in  warmed  MNL  was 
increased  by  preincubation  with  plasma.  Serum  (human,  horse,  or  fetal  calf)  also  enhanced 
cAMP  accumulation,  and  this  activity  remained  in  the  supernatant  after  heating  human  serum 
to  100*  for  10  min  and  pelleting  the  protein  flocculate.  Preliminary  data  indicate  that  the 
ability  of  this  scrum  extract  to  enhance  cAMP  accumulation  remains  after  dialysis,  has 
nearly  full  potency  after  a  1:16  dilution,  and  enhances  cAMP  accumulation  in  S49  lymphoma 
cells  as  well  as  in  MNL.  These  data  suggest  that  blood  serum  contains  one  or  more  ractor(s) 
that  elevate  hormone-stimulated  cAMP  accumulation  in  intact  cells. 


58  ACTIVATION  OF  FAT  CELL  ADEKfUTE  CYCLASE  BY  PROTEIN  KINASE  C. 

S.  Naghshlneh,  M.  Noguchi,  K.P.  Huang,  and  C.  Londos,  NIDDK,  NIH,  Bothasda,  HD  20692. 

Highly  purified  protein  ktnaae  C  (C-kinase)  from  rat  brain  and  partially  purified  C-kinase  front 
guinea  pig  pancreas  stiaulate  adenylate  cyclase  activity  in  purified  rat  adipocyte  neobranes. 
Cyclase  stloulatlon  occurs  over  tOO  to  1000  aV/ai  of  C-klnase  activity,  requires  1-10  mM  calciuo, 
but  does  not  require  exogenous  phospholipid.  C-kinase  inhibitors,  such  as  chlorpromazlne,  palsil- 
toyl  carnitine,  and  polyayxln  B  inhibit  selectively  adenylate  cyclase  which  Is  activated  by 
C-kinase  and  calcium.  Depending  on  assay  conditions,  10  nH  1 2-0-tetradecanoyl{^orbol-1 3~acetate 
(TPA)  either  enhances  or  is  required  for  C-klnase  action  on  cyclase.  Also,  TPA  plus  calcium 
promote  the  quantitative  association  of  C-kinase  with  membranes.  Adenylate  cyclase  activation  by 
C-kinase  is  seen  both  in  the  presence  and  absence  of  exogenous  GTP  and  in  membranes  from  cells  that 
have  been  treated  with  pertussis  toxin,  suggesting  that  the  kinase  effect  does  not  result  from  an 
action  on  the  GTP-binding,  inhibitory  regulatory  component  (Ni)  of  the  cyclase  system.  Similarly, 
treatment  with  cholera  toxin  does  not  alter  adenylate  cyclase  stimulation  by  C-kinase.  Finally, 
the  kinase  effect  is  seen  in  the  presence  of  non-phosphorylating  ATP  analogs,  such  as  AppNHp  and 
AppCH2pt  which  have  been  treated  with  glucose  and  hexoklnase  to  remove  residual  ATP.  Such  data 
indicate  that  the  effects  of  C-kinase  described  herein  may  result  from  associatn  with,  rather 
than  phosphorylation  of,  adenylate  cyclase. 
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DEXWETHASONE  m  SODIUM  SUHRATC  MODULATE  COMPONENTS  OF  THE  s-AONENERGIC 
RECEPTOR-ADENYLATE  CYCLASE  COMPLEX  IN  3T3-L1  PREADIPOCYTES.  M.T.  ItaUda.  J.M.  Stadel  •  K.S. 

Poksay,  S.T.  Crooka.  S«1th  Kline  S  French  Labs,  Philadelphia,  PA  19101. 

In  MDUse  3T3-L1  preadipocytes,  the  glucocorticoid  dexaMthasone  (dex)  effects  a  switch  In 
a-adrenergic  receptor  (sAR)  subtype  expression  froa  aiAR  to  B2AR  and  Increases  total  sAR 
nuMber.  These  effects  are  dose  and  tlae  dependent,  the  ability  of  other  steroids  to  cause  the 
subtype  switch  correlates  with  their  glucocorticoid  activity.  CoiMMunds  aost  effective  In 
regulating  aAR  are  also  the  aost  potent  coapetitors  for  [^j-dex  binding  to  the  3T3-L1 
glucocorticoid  receptor.  RNA  synthesis,  protein  synthesis,  and  N-lInked  glycosylatlon  appear  to 
be  required  for  the  dex-induced  aAR  subtype  switch  and  Increase  since  these  changes  are  not 
observed  In  the  presence  of  Inhibitors  for  these  processes.  Another  gene  activating  agent,  sodlua 
butyrate,  alalcs  the  effects  of  dex  In  altering  aAR  subtype  and  nuaber.  Butyrate's  effects  are 
dose  and  tiae  dependent.  Other  short  chain  acids  are  not  as  effective  as  butyrate  In  altering 
sAR.  ^lohexaal^  Inhibits  butyrate's  effects  on  aAR,  suggesting  that  protein  synthesis  Is 
required.  The  coablned  effect  of  dex  and  butyrate  In  regulating  aAR  Is  greater  than  additive 
suggesting  that  these  two  coapounds  aay  be  acting  through  different  aechanisas.  Butyrate,  and  to 
a  lesser  extent  dex,  proaote  a  2-3  fold  Increase  In  labeling  of  Gs  and  Gj  using  cholera  toxin 
and  pertussis  toxin  respectively.  These  data  suggest  that  both  butyrate  and  dex  coordinately 
regulate  coaponents  of  the  aAR-adenylate  cyclase  coaplex  In  3T3-L1  preadipocytes. 


60  the  binding  of  [3H]forskolim  to  proteins  solubilized  from  bovine  brain  mdoranes. 

C.A.  Nelaon  and  K.B.  Seaiwn  Center  for  Drugs  and  Biologlcs/FDA  Bethesda  ND  20892 
The  binding  of  ^-forskolin  (Th-PSK)  to  proteins  solubilised  froa  bovine  brain  aeabranes  was  studied 
using  a  precipitation  assay.  The  K^  for  3h-P9C  binding  to  solubilised  proteins  was  14  nM  which  is 
slatlar  to  that  reported  for  binding  sites  in  aes^ranes  from  rat  brain  and  huaan  platelets.  The  rank 
potency  of  forskolin  analogues  to  coapete  for  3r..fsR  binding  sites  was  the  sane  In  brain  aeabranes 
and  solubilised  preparations.  Proteins  %rere  solubilised  froa  aeabranes  preactivated  with  GppNHp. 
^H-FSR  bound  to  proteins  solubilised  froa  preactivated  aeabranes  with  a  Baax  of  106  faol/ag  protein. 
Solubilised  proteins  froa  non-preacclvated  aeabranes  had  a  Baax  of  only  38  fsol/ag  protein  which  was 
increased  to  94  faol/ag  protein  when  GppNRp  was  included  in  the  binding  assay.  In  contrast*  GppNHp 
had  no  effect  on  3H-FSX  binding  to  proteins  solubilised  froa  preactivated  aeabranes.  Solubilised 
adenylate  cyclase  froa  non-preactlvated  aeabranes  had  a  basal  activity  of  130  paol/ag/ain  which  was 
stiiDulated  7-fold  by  GppNHp.  In  contrast*  adenylate  cyclase  froa  preactivated  aeabranes  had  a  basal 
activity  of  850  paol/ag/aln  and  was  not  stlaulated  by  GppNHp  or  forskolin.  Thus,  the  formation  of  the 
high  affinity  binding  sites  for  ^-FSK  was  coincident  with  the  activation  of  adenylate  cyclase  via  the 
guanine  nucleotide  binding  protein.  ^-FSK  binding  coalgrated  with  adenylate  cyclase  activity  from 
preactivated  membranes  on  a  GF-450  mol^ular  exclusion  matrix  indicating  that  the  activated  catalytic 
unit  of  adenylate  cyclase  and  the  3r-FSK  binding  site  have  similar  molecular  weights  and  may  be  the 
same  complex. 


SPONTANEOUS  OOUPLING  OF  THE  g-ADRENERGIC  RECEPTOR  TO  N3  IN  CARDIAC  MEMBRANES 

V.  Nerme*  T.  Seveme,  T.  Abrehamseon,  G.  Vauqoelln.  Department  of  Phermecology  end  Blochemletry* 
Blaele  Cerdiovceculer  Reeeerch  Laboratories,  S-431  83  KUlndel,  Sweden  and  Institute  of  Molecular 
Biology,  Free  Univcrelty  of  Brueeels,  65  Peerdenetreet,  B*1640,  St.  Genesluc-Rode,  Belgium 

The  elkyleting  reegent  N^thylmalelmide  (NEM)  does  not  effect  the  number  of  g-edrenergic 
receptors  in  membreocs  from  turkey  erythrocytes,  S49  lymphoma  cells  sod  ret  lung.  However,  in  the 
preaeoce  of  8~agonlst,  NEM  provokes  e  decrsese  In  the  receptor  number  by  50  to  65Z.  This  hss  been 
escribed  to  the  ability  of  NEM  to  alkylate  e  sulfhydryl  group  which  becomes  exposed  at  the  eurface  of 
Che  edenylete  cycleee  atlmuleCory  protein  N  ,  upon  Interacting  with  the  egoniat-occupled  receptor. 

la  Che  present  etudy,  we  ehow  that  NEM  alone  can  cause  e  time  end  concentration  dependent 
decrease  In  the  g-'receptor  number  by  approximately  20Z  (at  O.l  mM  NEM)  In  cardiac  membrenee  from 
reserpinised  cat,  rat  and  guinea  pig.  The  noradrenaline  coocentretloo  is  less  thsn  0.1  oM  in  these 
pveparecions.  The  NEM* mediated  decrease  occurs  also  in  the  absence  of  Mg*^  but  is  effectively 
prevented  end  even  reversed  by  GTP.  Our  date  ere  compatible  with  e  model  In  which  part  of  the 
0-adreoergic  receptor  population  (20Z)  are  able  to  undergo  agonist  Independent  coupling  to  N  in 
cardiac  membranee. 
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FZLATIOMSBIP  BEimBI  g-JkORBlOCEPTOR  RBGUIATIOH  AMD  g-ADRSiBItSIC  RBSKMSIVEMESS  IN  BEPA- 
TOCYTBS.  M.  Refanea,  D.  SAndnei  and  T.  Chrl«toffcr»en.  DepartJAent  of  PhansACOlogy,  University  of 
Oslo>  P.O.Box  1057  Bllndem,  0516  Oslo  3*  Noney. 

Hechanlsms  regulating  the  responslvMiess  of  the  adenylate  cyclase  (AC)  to  catecholamine  stimula¬ 
tion  were  studied  in  cultured  rat  hepatocytes.  These  cells  acquire  a  several-fold  increase  in  the 
B-adrenerglc  responsiveness  %fhen  plated  as  monolayer  cultures.  Comparison  of  the  emergence  of  iso¬ 
proterenol  (ISO) -sensitive  AC  and  binding  of  ^^^’^iodocyanopindolol  (^^^ICYP)  showed  roughly 
parallel  rises  after  the  plating.  Ttie  increase  in  ^’^ICYP  binding  (starting  at  'v  i  h  after  plating) 
slightly  preceded  the  rise  in  ISO  response,  but  t)ie  response  thereafter  rose  steeply  and  transitorily 
(a,  2  h  -  5  h)  exceeded  the  increase  in  binding.  Pertussis  toxin  (lAP)  added  at  0  h  increased  the 
ISO-sensitive  AC  activity  measurod  at  7  h  and  24  h,  without  affecting  the  number  of  ^^^ICYP  binding 
sites)  this  effect  was  non-selective,  since  the  glucagon-sensitive  activity  was  similarly  potentiated 
by  lAP.  Addition  of  ISO  (10  pM)  to  cells  after  20  h  caused  a  rapid  homologous  desensitization  of  the 
AC  (50%  after 5  min).  This  was  paralleled  by  a  down-regulation  of  B-adrenoceptors .  Removal  of  ISO 
led  to  resensitization  of  the  AC,  which  was  rapid  and  protein  synthesis-independent  after  a  brief 
(10  min)  desenaitization ,  or  slow  and  cycloheximide-sensitive  after  prolonged  (4  h)  exposure  to  the 
agonist.  In  both  cases  an  up-ragulation  of  the  ‘”lCYP  binding  paralleled  the  recovery  from  refrac¬ 
toriness.  Glucagon  desensitized  (partly)  the  AC  to  ISO  and  glucagon,  with  no  effect  on  ’^’iCYP 
binding.  Ihe  results  suggest  that,  although  superimposed  mechanisms  operate,  regulation  at  the  B- 
adrenoceptor  level  is  a  major  determinant  for  ]90th  short-  and  long-term  changes  of  the  B-adrenergic 
responsiveness  in  hepatocytes. 


63  DXmillltTIAL  IMRIBITIOI,  BT  MBTRACBOLIMX  (MBCH)  ABO  BISTANIBB  (HIS),  OF 

IBOWWtBKBBOt  (ISO)-IHDnCBO  PROTBIB  BIBASB  (PB)  ACTIVATIOB  ABO  RBUXATIOB  OF 
TRACHEAL  SMOOTH  MOSCLB  (TSM) ,  6. A.  Rlnmrd,  T.J.  Torphy,  and  A.N.  Pnekatt, 

Baory  Onlv.,  Atlanta,  QA  A  Smith.  Kllna  A  French,  Phlla,  PA. 

Maxlaally  effactlva  doaea  of  MBCH  and  BIS  contract  canine  TSM  to  the  ease  force 
per  croae  aactlonal  area.  Me  need  functionally  equivalent  contractile  doeee 
(BC,_,  BC..,  BC.--)  of  MBCH  A  HIS  to  precontract  TSM  prior  to  ISO  relaxation 
doee-raeponee  aCudlaa.  MBCH  Mae  a  atronger  functional  antagonlat  than  HIS. 
Mautlaal  (BC,..)  MBCH  prevented  ISO  relaxation  and  Inhibited  PK  activation. 
Bqulvalant  BIS  contractlone  were  readily  relaxed  by  ISO  and  PB  activation  was 
not  Inhibited.  Incraaalng  doeee  of  BIS  gave  ISO  BC..  values  of  1.6  nM,  2.S  nM 
8.6  nM  In  cervical  TSM  and  6.3  nM,  10  nM  A  12.6  nM  iK” thoracic  TSM.  Increasing 
doeee  of  MBCH  gave  ISO  BC.„  values  of  2.5  nM,  20  nM  A  no  relaxation  In  cervical 
TSM  and  26  nM,  281  nM  A  no  relaxation  In  thoracic  TSM.  Ms  suggest  that 
■athachollne  hM  an  affect  to  Inhibit  beta  adrenergic  activation  of  the  cyclic 
AMP-dapandent  protein  kinase  pathway  In  TSM  but  that  hlatanlne,  even  though  It 
produces  the  saea  contractile  force  lacks  such  an  effect.  Thus  ISO  readily 
relaxes  the  cosplete  range  of  HlS-lnducsd  contractions  but  as  Increasing  doses 
of  MBCH  Increase  the  force  of  contraction,  ISO  Is  Increasingly  Ineffective  In 
relaxing  NBCH-lnduced  contractions  In  canine  tracheal  seooth  euscle. 

Supported  by  HIH,  HL-32770. 


64  DWL  RBOUUrnON  BT  OLOUt  AM>  GUMBDK  MXXHOnEEB  OF  F-W  mxmOR  lUdlON  IN  THE 

lOR  IHumCM  CEU,  LIME.  TUcae  SaloeBn,  3eie«T*ie  Bole  aid  Jefficey  B.  Oacet,  Depsrtanent 
of  Hocnons  Rasearch,  Tha  Halaaam  Institute  of  Sdanoa,  76100  RaliAOt,  Israel. 

Oalclun  has  been  iMplicatad  as  a  potantlal  lagulatcr  of  both  ealanotropln  («  and  F)  and 
oortlootrnpln  oanaltlve  adanylate  cyclase.  Ha  have  oaaadnsd  the  selanobxpln  (tCH)  reoapter- 
adenylate  cyclase  aystaoi  In  tha  KZR  souse  ealanoea  dona.  Our  rasulte  dmonatrate  that  both 
F-MSH  binding  and  subsequent  actlvstlan  of  adenylate  oyclase  Is  (kBienttant  on  oonoantratlcns  of 
extraoellular  calcliaa  In  tha  adcroeolar  range.  This  effect  can  be  ahown  both  In  the  Intact  cell 
and  In  a  plaeas  saatrana  pcaparation  derived  thereof,  using  an  HOIK  buffer  sysben.  In  contrast, 
stlRulation  of  adsiylate  cydaee  by  prostaglandin  Ej,  forakolln,  or  GTPfS  Is  calclun- 
Insensltlvo.  Oaldui  appeare  to  Increase  the  binding  affinity  of  F-MSH  to  Its  raoeptor  by  a 
factor  of  20  (fees  400  to  20  nM),  without  affecting  asxlaail  horapne  binding.  Horapne-reoeptoc 
ocaplaaes  foraiad  In  tha  peeeanoa  of  oalcluai  dlsaodsta  rapidly  (<2  adn)  and  ravarelbly  upon  the 
alladnatlan  of  caldua  by  exoaaa  BOEA.  Hsuevar,  above  saturating  oonoantratlone  of  F-tS< 
(>200  iM)  haraons  binding  and  stlnulstion  of  adanylate  cyclase  baooawe  caldue-lndependait. 
Under  physiological  oonoantrstlons  of  hocacna  and  calclua,  binding  of  F-MSH  Is  entirely  calclun- 
dependait.  Mhlle  calcium  ptaaotee  F-MSH  binding,  OTP  and  Its  st^a  nuclaotlda  analoga  lead  to 
a  reduction  both  In  affinity  (2-fold)  vd  aarlaial  binding  (65%).  (kjanoslna  nuclaotlda  affects 
are  evident  In  both  a  tlaa-  and  oonoantantian-dapandant  aamar.  Howavar,  thaaa  affacts  appear 
to  bs  calduBi-lndapandant,  auggeatlng  that  the  dual  oontrd  of  F-MSH  binding  by  oaldui  and  gua- 
noslna  nudaotldaa  is  nadiatad  by  two  aaparata  and  Indapandant  eachanlaas. 
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THE  GDAHIHB  HDCtEOTIDE  BIHDIHG  PEOtElH  H  CO-FTOIFIES  WITH  THE  D  DOPAMIHE  RECEPTOR  OF 
AHTERIOR  PITOITARY.  S.B.  S«noRU«.  J.L.  H.  AaUlkp,  R.'violtaky,  A.M.  Spiegel 

end  M.G.  Caron.  Duke  Dnlv.  Hed.  Ctr.,  bu^n,  H.C.  end  MIADDK,  HIB,  Betbesda,  HD 

The  D,  dopaalne  receptor  (D.R)  of  the  anterior  pituitary  gland  uedlatee  the  dopaminergic  Inhibition 
of  prolactin  releaaa.  Many  llBaa  of  evidence  auggaat  tbla  proceaa  nay  be  nedlated  through  both 
adenylate  cyclaae  and  phoapholnoaltlde  uetabollan.  D.R  purified  by  affinity  chronatography  on  QIOS 
Sapharoaa  (aplperona  derivative)  appeara  to  be  functionally  coupled  to  a  guanine  nucleotide  regulatory 
protein  (H)  aa  avldencad  by  the  preaence  of  agonlat  high  affinity  binding  to  the  partially  purified 
D  R  efter  re-lnaertlon  Into.nhoaphollpld  veelclea.  The  endogenoua  H  protein  Is  a  substrate  for 
pirtuaela  toaln  yielding  a  ^H-ADP  rlboaylated  product  of  H  ^,39,000  on  SDS-PAGE,  which  co-ulgratea 
with  brain  H  .  Paptlde  naps  generated  ualng  claataae  of  thS  '’^P-ADP  rlboaylated  endogenous  H  protein, 
H.,  R  and  tfanaducln,  revealed  strong  howtlogy  with  brain  H  .  laaunoblottlng  of  the  partially  purl- 
flad  6.R  with  RV3  (an  M  apaclflc  antibody)  and  CW6  (an  H.  a^clflc  antibody)  ahowed  croasrcactlvlty 
only  with  RV3.  FunctloSal  Intaractlon  between  the  D.R  and  tha. endogenous  R  was  deeonatrated  by  an 
agonist  promoted  2-3  fold  stimulation  In  GTPasa  activity  or  [  SlCTPyS  binding.  Aaaoclatlon  of 
endogenoua  R  with  D.R  was  Increaaad  by  agonlat  pretraatmant  and  decreased  by  guanine  nucleotides. 
These  resultS  suggest  a  specific  aaaoclatlon  and  prefarentlal  coupling  of  R  with  the  D.R  of  pitu¬ 
itary.  Raconatltutlon  of  agonlat  atlmulated  CTPaae  activity  could  be  obtained  using  purified  brain  R^ 
and  partially  purified  raaolved  D.R.  Theee  reaults  constitute  the  first  documentation  of  an 
endogenoua  aaaoclatlon  of  R  with  a  receptor  eyatem.  Further  evaluation  of  this  system  may  elucidate 
the  procaasea  determining  tSe  specificity  of  the  essoclatlon  of  R  proteins  with  receptor  systems. 


*«  OIFFERENTra.  EFFECTS  OF  PERTUSSIS  TOXIN  AND  PHORBOL  ESTERS  ON  SI6NAL  TRANSDUCTION  VIA  THE 
CHEMOAnRACTAMT  RECEPTOR-N  PROTEIN-PHOSPHOLIPASE  C  SYSTEM  OF  HUMAN  NEUTROPHILS.  Charles  D.  Smith  and 
Ralph  Snydenaan,  Howard  Rushes  Medical  Institute.  Duke  University  Medical  Center,  Durham,  NC  E7710. 

Treatment  of  PMNs  with  pertussis  toxin  (PT)  Inhibits  Inositol  trisphosphate  (IP3)  generation 
Induced  by  the  chemoattractant  fMet-Leu-Phe  (fMLP),  Indicating  that  Its  receptors  activate  a  phospho¬ 
lipase  C  (PLC)  via  a  PT-sensItIve  N  protein.  FMLP-Induced  IP3  production  Is  also  Inhibited  by  phorbol 
myristate  acetate  (PMA),  Receptor  Interaction  with  the  N  protein  can  be  measured  as  IMLP-stImulated 
GTPIft^Ss]  binding  to  ammbranes.  This  stimulated  binding  Is  absent  In  meiit>ranes  from  PT-treated  PMNs, 
but  rcMlns  In  membranes  from  PMA-treated  cells.  Phosphatidyl  Inositol  4,5-blsphosphate  (PIP5) 
hydrolysis  via  PLC  can  be  activated  In  Isolated  plasma  membranes  at  low  concentrations  of  Ca^+  (V«M) 
with  either  fMLP  plus  STP  or  GTPtS  alone.  Membranes  from  PT-treated  PMNs  degrade  PIP2  upon  exposure 
to  GTPft.  but  not  fMLP  plus  GTP.  Membranes  from  PMA-treated  PMNs  do  not  hydrolyte  PIPz  when  Incubated 
with  GTPFS,  but  do  degrade  PIP,  In  the  presence  of  1  nM  Ca2+.  Therefore,  PMA-treatnent  does  not 
directly  Inactivate  PLC.  Incubation  of  PMNs  with  phorbol  dibutyrate,  but  not  an  Inactive  ester, 
4-suphorbol  didecanoate,  causes  a  similar  loss  of  GTftS-actIvated  PIP2  hydrolysis.  In  simmary,  PT 
appears  to  block  the  ability  of  occupied  receptors  to  activate  the  N  protein  by  stliiwlatlng  nucleotide 
binding,  but  does  prevent  the  activated  N  from  stimulating  PLC.  In  contrast,  phorbol  esters 
appear  to  Induce  a  protein  kinase  C-catalyzed  reaction  which  does  not  affect  receptor-N  protein 
Interactions,  but  does  prevent  coupling  of  the  activated  N  protein  to  PLC.  Similar  activation  of 
protein  kinase  C  by  diacyl  glycerol  produced  upon  receptor  occupancy  may  provide  a  negative  feedback 
signal  for  chemoattractant  receptors. 


6'  GTP  MOnULUfnCN  OP  THE  (WTOOWR-POinr'  ArrjJYlATv  ntTTASR  (ST)  J>n3TTf  IV  wr  THYPOIP  ’TrrRV 

UM.  aazs  INFBC'IED  BT  WS  OWES  FXPWSSINR  VIPUB. 

A.  Splia,A.a.  GOnatOfF.  Vblente, G. llUaiP-  HI  flnttedra  di  rhimica  niologlca,!  Faoolta'  di  Medicina  e 
ChlzTiEgla,Nagxill, Italia;  M.C.Berlingieri  A.FUsoo,v.Grieo[>-rientro  di  Endocrinologia  e  ryxx>logia  Sperime 
ntale  del  (HM-  n  Pnoolta'  di  Madicina  e  Chiruzgia,  KBpoli,  Italia.  ~ 

Me  aim  studying  the  infloenoe  on  the  menterane  bomd  AT  activity  of  the  ras-genes  expressing  virus  in¬ 
fection  in  a  Fisher  rat  thyroid  differentiated  epithelial  oell  line  (PO-rij) ,  which  ralntains  in  vitro 
ttw  Epical  markera  of  tlvioid  differentiation  .  After  infection  by  Harvey  nirlne  stuocma  virus  cany- 
Ing  V-ras  Be.  FC-<X3  cells  change  their  norphology  and  becane  indipendent  from  TSH  for  the  growth  but 
they  arm  not  txmorigenlc.  He  have  found  that  the  hasal  activity  in  PC-rT,3  cells  is  very  low  (.46  pnol^ 
as  cWfVdniivdiQ  protein) ,  whereas  It  is  10  times  higher  in  Fr-cr.3  Ha  vgp  cells.  Ihe  stimulation  of  the 
K  catalytic  adxailt  by  MiZt  equally  efficient  In  control  as  well  as  in  infected  oells,  whereas  the 
modulation  by  OtP-blndRng  protein  either  in  the  presence  of  (^OVI)p  or  MaF  is  inpaired  In  the  Infect¬ 
ed  calls.  Mb  have  carried  out  kinetic  studies  in  tiie  preeenoe  of  Increasing  oonoaitratlcns  of  Gpp(NR)p. 
Ttw  obtained  results  indicate  that  in  both  cell  systsns  the  maximal  stimulation  occurs  at  10~^  M 
(If!)p.  The  inezeasing  nucleotide  ocncentmtlon  by  100  times  doesn't  allow  the  infected  oells  to  get  a 
stlsulation  of  the  twaal  activity  to  an  extant  otaparable  to  that  one  obtained  in  control  cells.  These 
results  exclude  that  the  less  efficient  (^(NH)p  modulation  in  the  infected  oells  ow>  be  due  to  a  oom- 
pbtitlon  1^  the  tJtP  between  the  AC  G-blndlng  protein  and  the  vlrally  expressed  p71  protein  in  the  inf- 
ac:ted  cells.  Alternative  molecular  mechanlans  ooneistent  with  our  kinetic  data  will  he  presented. 


^  FLUORIDE  ION  AS  A  PROBE  FOR  THE  GUAM  I NE‘ NUCLEOTIDE  BINDING  PROTEIN  INVOLVED  IN  NEUTROPHIL 

ACTIVATION.  Colette  F.  Strna<l>  Janice  E.  Parente,  and  Kenneth  Wong.  Departments  of  Pharmacology 
and  Nedicine,  University  of  Alberta.  Edmonton,  Alberta.  T6G  2G3. 

Activation  of  human  neutrophils  with  18  mH  sodium  fluoride  was  found  to  be  associated  with 
phosphoi nosi tl de  turnover  as  monitored  by  the  accumulation  of  inositol  I’phosphate  (IP.),  inositol 
1.A*blspho$phate  (IP,)*  and  inositol  1  .A.S^trlsphosphate  (IP^).  Fluoride*  Induced  phos^oi  nos  i  tl  de 
degradation  was  character! xed  by  a  S  to  10  min  lag  period  after  which  inositol  phosphate  levels 
increased  and  remained  elevated  over  a  2$  min  time  interval  in  1 1  thiuirr  treated  cells.  Phospho* 
inosltlde  turnover  was  accompanied  by  the  elevation  of  cytosolic  calcium  concentrations  and  the 
translocation  of  protein  kinase  C  from  the  cytosolic  to  the  menbrane  compartment.  Unlike  phospho* 
Inosltlde  turnover  Induced  by  the  chemotactlc  peptide,  formyimethlonyl-leucyl^phenylalanine.  that 
Induced  by  fluoride  was  not  Inhibited  by  either  pertussis  toxin  or  dlbutyryl  cyclic  AMP.  Fluoride- 
Induced  phosphoi nos  I  tide  turnover  was,  however,  subject  to  Inhibition  following  pretreatment  with  the 
phorbol  ester  tumor  promotor,  phorbol  myrlstate  acetate.  We  have  proposed  that  the  mode  of  action 
of  fluoride  as  an  Inflammatory  stimulus  involves  Interaction  with  a  guanine  nucleotide-binding 
protein  which  serves  as  an  intermediary  unit  between  cell  surface  receptors  and  the  phosphoi nos i tl de- 
speciflc  phosphodiesterase.  The  differential  inhibitor  effects  suggest  that  ADP-rlbosylation  by 
pertussis  toxin,  as  well  as  cyclic  ANP-dependent  phosphorylation  reactions,  do  not  interfere  wi th 
fluoride's  ability  to  occupy  Its  active  site  or  to  activate  the  protein.  Conversely,  protein 
kinase  C-dependent  phosphorylation  appears  to  render  the  activation  site  either  inaccessible  or 
Insensitive  to  fluoride. 


DBSENSXTIZAtlON  OF  THE  SUBSTANCE  P-*INDUCED  FORMATION  OF  INOSITOL  lUSPHOSPHATE  IN 
PAROTID  ACINAR  CELLS*  and  Putney.  Jr*  Division  of  Cellular  Phanacology.  Medical 

College  of  Virginia.  Virginia  Commonwealth  University.  Richmond.  Virginia  23298* 

Substance  P  (SP)  is  a  putative  neurotransmitter  widely  distributed  in  the  mammalian  central  and 
peripheral  nervous  systems*  The  parotid  gland  is  considered  a  target  organ  of  SP.  and  the  receptor 
la  coupled  to  etimulatlon  of  inositol  phospholipid  metabolism  and  Initiates  secretion*  After 
prolonged  Incubation  of  target  cells  with  hormones  or  neurotrsnamitters.  the  cellular  reaponsea 
arc  often  blunted  or  desensitised*  We  have  evslusted  desenaltisstlon  of  the  SP-induced  formation 
of  inositol  trisphosphate  (IP3)  in  rat  parotid  acinar  cells*  Results  were  as  follows:  (1)  Exposure 
of  parotid  cells  to  SP  (0*1^M)  which  were  prelsbelled  with  [^Hllnosltol  caused  s  rapid  increase 
i?  1^3^  ^rom  2  sec  up  to  1  min.  after  which  the  level  of  IP3  reached  a  plateau*  (2)  Nethaehellne 
(lfec»  0*1  sM)  caused  a  sustained  Increase  in  IP3  from  2  sec  up  to  5  min*  (3)  The  response  to  SP 
and  Nec  applied  simultaneously  was  not  greater  than  the  response  of  either  agonist  given  alone* 
<4)  After  the  level  of  IP3  reached  a  pUteau  In  the  presence  of  SP,  addition  of  Nec  Induced  a 
further  increase  in  IP3  but  a  second  addition  of  SP  had  no  effect.  (5)  After  exposure  to  SP  for 
Although  cells  were  wsshed  and  resuspended  in  fresh  medium,  desensitisstlon  of  the 
SP'induced  formation  of  IP3  remained;  desensltisatlon  did  not  occur  in  cells  pre-ezposed  to  Mec* 
(6)  Following  prolonged  iocubstloo  in  fresh  medium,  gradual  reseositication  occurred,  and  during 
this  process  there  was  s  good  correlation  between  the  SP-lnduced  formation  of  IP3  and  [%1-SP 
binding  sites*  These  results  suggest  that  descnsltisation  of  the  SP-loduced  formation  of  IP3 
results  from  homologous  down-regulstlon  of  SP  receptors*  (Supported  by  NIH  Grant  DB-K)57B4)* 


70  PROTEIN  KINASE  C  PREVENTS  INHIBITION  OF  ADENYUTE  CYCLASE  IN  NG  108-15 

B.  TOOQUB  -  RHONE-POULENC  SANTE  -  Cancer  Research  Department  -  13,  quai  Jules  Guesde 
94400  VITRY  SUR  SEINE  -  FRANCE 

The  adenylate  cyclase  of  NG  108-15  membranes  is  stimulated  and  inhibited,  respectively,  by  PGE, 
and  opiates  acting  via  the  stimulating  (Ns)  and  inhibitory  (Nl)  guanine  nucleotide-binding  regulatory 
proteins. 

GTP-dependent  Dslsaid  Induced  Inhibition  of  basal.  PGE^  and  Forskolin  stimulated  activities  were 
reduced  in  membrane  of  TPA-pretreated  NG  108-15.  ‘ 

To  substantiate  this  observation  we  studied  whether  addition  of  purified  protein  kinase  C  to  MG 
108-15  membranes  causes  similar  changes  in  regulation  of  adenylate  cyclase  activity  as  observed  in 
membranes  of  TPA  pretreated  HG  108-15  cells.  Hormonal  inhibition  of  the  NG  108-15  adenylate  cyclase 
by  opiate  was  largely  impaired  after  incubation  of  NG  108-15  membranes  (prepared  with  EDTA,  BGTA 
buffer)  with  partially  purified  kinase  C  stimulated  by  TPA. 

Bradykinln  has  been  reported  to  inhibit  adenylate  cyclase  in  HG  108-15  cells  in  a  manner  which  is 
additive  to  the  opiate  inhibition  suggesting  that  Bradykinln  was  acting  through  a  different  pathway. 
We  asked  the  question  whether  or  not,  kinase  C  would  inhibit  Bradykinln  effect  on  cyclase.  We  found 
that  kinase  C  also  affects  Bradykinln  induced  inhibition  of  cyclase.  The  results  indicate  that  the 
pathway  for  Bradykinln  inhibition  of  cyclase  is,  at  some  stage,  a  target  for  kinase  C  which  might  be 
Ni  or  No. 


71  A  PERTUSSIS/CHOLERATOKIN-SENSITIVE  N  MIOTEIN  MEDIATES  CHEMOATTRACTANT  RECEPTOR  SISHAL 

TRANSDUCTION.  Margrlth  Vtrflhese.  Ronald  J.  Uhlng  and  Ralph  Snydeman,  HoMard  Hughes  Ned. 
Inst.,  Div.  Rheun.  and  iMiunol.,  dept.  Ned.,  Duke  Unt».  Ned.  Ctr.,  Durham,  N.C.  27710. 

Affinities  of  cheauMttractant  receptors  (CTX>R)  on  phagocytic  leukocytes  are  regulated  by  GOP  and 
GTP.  These  receptors  are  not  coupled  to  adenylate  cyclase  but  utilize  a  guanine  nucleotide 
regulatory  (N)  protein  to  activate  phospholipase  C  and  subsequent  biological  responses.  Since 
pertussis  toxin  (PT)  rtbosylates  a  40-41  kO  protein  In  leukocytes  and  thereby  Inhibits  their 
activation  by  chemoattractants.  It  had  been  assumed  that  CTX-R  are  coupled  to  Nf.  He  now  report 
that  human  polymorphonuclear  leukocytes  (PHNs},  monocytes,  and  the  myeloid  HL-60  and  U937  cell 
lines,  but  not  erythrocytes  nor  bovine  brain  contain  a  ca,  40  kD  protein  which  Is  a  substrate  for 
ADP  rlbosylatlon  by  choleratoxin  CCT).  In  contrast  to  N,.  ribosylatlon  of  the  40  kD  substrate  by  CT 
Is  Inhibited  by  GOP  or  GTP.  The  40  kD  CT  substrate,  termed  Nj  for  chemotaxis-related  N  protein, 
comigrates  with  the  ca.  40  kO  PT  substrate  In  one-dtmenslonal  gel  electrophoresis.  Heptylamlne- 
sepharose  chrMatography  of  cholate-selublllzed  HL-60  membranes  prelabelled  with  CT  and  ^Ep.NAD  show 
that  a  40  kD  4cp.]abe11ed  protein  comlgrates  with  the  major  peak  of  GTPyS-blndlng  activity.  This 
peak  Is  partially  resolved  from  the  43  kD  (Ns)  protein  labelled  under  the  same  conditions.  A  40  kD 
PT  substrate  also  coelutes  with  the  GTPyS-btndlng  activity  suggesting  that  N,  is  a  single  protein 
which  Is  a  substrate  for  PT  and  CT.  Additionally,  treatment  of  Intact  PMNs  with  PT  or  CT  reduced 
GTP  regulated  high  affinity  binding  of  formylpeptide  chemoattractants  to  membrane  preparations  from 
the  cells.  This  further  Implies  that  CTX-R  are  coupled  to  an  N  protein  which  Is  a  substrate  for 
both  PT  and  CT.  He  suggest  that  N^  regulates  chemoattractant  receptor  signal  transduction. 


'  NAD  DHIBnS  miE  AlfM^  AM)  SnMDUOS  fflCERDUFASB  C  IH  US  CYTOSOL  CP  WOIE 

ADIFOcnBS.  M-a.  ifciiiY^  R.J.R.  wjjciXiaKlcz,  D.  Bojanic,  L.S.  Braitiam  and  J.N.  lialn. 
Dagmztment  of  Blociiemlmtzy,  ttiivmnlty  of  Tantemmae,  ttaqphim;  Nmiiptala,  38163. 

(Vtoaol  pniiazstlans  fun  tmt  whltm^dlpocytem  ocntaln  finMptolicaae  C  mctlvltiaa  wtiidi  can  ba 
assayed  tislng  ^PXP,  or  as  substzatas.  TWo  aajoo:  obaacvatlcne  hava  baan 

mads  concerning  these  activities.  First,  S’-adsnylyllmidcxliphosphats  (AnpMRp)  or 
S'-guanylylimldodlphosphate  (GppNRp)  stJmolate  the  l^dzolysls  of  ^FIP,  with  identical 
pcAency  and  efficacy.  Saoctid,  NAD,  NACP,  or  adenosine  5’-diiteaphcriboae,  but  not  nlcotinaalda, 
irhlbit  phoigpholitiaew  C.  Ihis  irttlbltim  can  be  ovacocma  by  hi^  doses  of  GtgpMqp  or  AnHli 
(O.UM)  tlildi,  in  tbs  presenca  of  an  ctharwisa  fully  Jnhibltcary  ocnoentraticn  of  NAD  (l.OaM) ,  give 
coaplete  or  ervan  Skqpcenaxtanl  stlaulatnry  effects. 

Thus,  tha  apparent  guanine  nuclectlds  agmcificlty  of  phospholipase  C  activation  in  Urn  prasanoa 
or  absence  of  bormanea,  as  deaenstratad  in  other  studies,  way  need  to  be  raeasaaaad. 
Idantlflcatlcn  of  tha  ruclaatide  ragulzrtxxy  txeyonents  of  phoaptolipass  C  aaist  taka  into  aooount  a 
IzKdc  of  gianina  nucleotida  specificity.  Finally,  the  irtiibitcay  affects  of  NAD  nay  provide  a  clue 
as  to  hew  the  activity  of  cytosolic  phoepholipase  C  is  tcnically  suppressed  in  the  call. 


GTP-SENSITIVE  AGONIST  BINDING  IN  MEMBRANES  CAN  EXPLAIN  THE  RECEPTOR  RESERVE 
IN  INTACT  RAT  RETICULOCYTES. 

Anton  Mellstein  and  Dieter  Palm,  Z.Pharmakologle,  J.H.Goethe-UnIversItSt,  D-6000  Frankfurt  70;  FRG. 

Rat  reticulocytes  are  a  good  tool  for  studying  the  modulation  of  the  B-adrenoceptor  mediated  cAMP 
response  (Naunyn-Schmiedeberg's  Arch  Pharmacol  317:294-301;  1981).  He  have  used  this  model  to 
Investigate  aspects  of  the  receptor  reserve.  Cells  were  prepared  and  monitored  for  cAMP-accumu- 
latlon  as  described  earlier  (see  above).  B-Adrenoceptors  in  Intact  cells  as  well  as  membranes  were 
detected  by  the  radioligand  ’H-CGP  12177  In  a  filtration  asssay.  RESULTS:  Intact  cells:  For  ant¬ 
agonist  ligands  monophasic  Inhibition  Isotherms  of  agonist  Induced  cAMP- accumulation  as  well  as 
radioligand  binding  were  observed  with  Identical  Kd-values  In  both  measurement  systems.  Agonists 
(e.g.  (-)-lsoprenallne  *  ISO  )  also  showed  monophasic  concentration-  effect  curves  of  cAMP-accumu- 
lation  and  Inhibition  of  radioligand  binding.  Their  potency,  however,  differed  by  more  than  1  de¬ 
cade  In  favour  of  cAMP-accumulatlon  (  e.g.  ISO:  EC50  cAMP  •  58  *  11  nM;  Kd  receptor  binding  «  1,040 
±  400  nM;  n-  17  )  Indicating  a  receptor  reserve  of  60-70*.  Membranes:  After  lysis  of  the  cells,  the 
agonist  competition  Isotherms  for  the  radioligand  became  biphasic.  The  GTP-sensItIve  high  affinity 
component  showed  Kd-values  not  different  from  the  EC50  of  cAMP  accumulation  In  Intact  cells.  The 
portion  of  this  component  (  33i:  5  X  )  Is  In  agreement  with  the  above  receptor  reserve  and  seems  to 
reflect  the  portion  of  receptors  participating  in  the  transient  coupling  In  the  Intact  system. 


74  HECHANISH  OF  REGULATION  OF  SOLUBLE  GUANYLATE  CYCLASE  IN  THE  PULMONARY  ARTERY  BY  HYDROGEN 

PEROXIDE.  Michael  S.  Uolln  and  Theresa  N.  Burke,  Dept,  of  Physiology,  New  York  Medical  College, 
Valhalla,  NY  10595 

Hydrogen  peroxide  generation  by  glucose  oxidase  causes  up  to  a  four-fold  activation  of  unpurified 
soluble  guanylate  cyclase  (GC)  from  bovine  pulmonary  arteries  which  Is  potentiated  to  over  25-fo1ri 
by  the  addition  of  purified  bovine  catalase  (CAT).  Compound  I  (Cpd  I),  a  species  of  CAT  formed 
during  the  metabolism  of  peroxide,  appears  to  mediate  GC  activation  based  on  the  following 
observations:  1)  Only  peroxides  that  form  Cpd  I  activate  GC.  Z)  Quenchers  of  Cpd  1  (alcohols  and 
formate)  block  GC  activation.  3)  Inhibition  of  CAT  (by  amlnotrlazole,  superoxide  anion,  boiling) 
block  GC  activation.  4)  Other  peroxide  metabolizing  enzymes  (peroxidase,  fungal  catalase)  do  not 
mimic  catalase.  5)  Scavengers  of  hydroxyl  radical  (mannitol,  DMSO,  desferoxamine)  do  not  Inhibit  GC 
activation.  In  the  pulmonary  artery,  micromolar  concentrations  of  H,0,  elicit  increases  in  tissue 
cycle  GMP  levels  that  are  closely  associated  with  decreases  In  force^in  a  time  and  concentration 
dependent  manner.  Since  Cpd  I  Is  formed  In  tissues,  this  Is  a  physiologically  relevant  mechanism  of 
regulation  of  GC  and  an  attractive  pathway  for  sensing  of  O2  tension.  (Funded  by  USPHS  HL  31069) 


75  PSOTBOLVTIC  ACTIVATION  OF  NSNBRANE-BOUNC  PROTEIN  KINASE  C  BY  TRYPSIN-LIKE  PROTEASE. 

Hirohel  Yaiaa>iura»  Eiklchl  Haahimoto,  Keiko  Mlzutaa  Youichirou  Sakanoue,  Shim-lchi  Nakamura*  Tomoko 
Kobayaahl  and  Kalko  Sakai.  Dept.  Biochaa.  fukui  Medical  School*  Pukui  910-11  Japan 

It  has  been  well  established  that  phosphorylation  of  rlboaonal  protein  S6  is  increased  in 
response  to  growth-pronoting  stinuli.  In  an  attempt  to  Identify  the  cAMP-  and  Ca^ ^-independent  S6 
kinase,  we  examined  a  possible  role  of  protease-activated  form  of  membrane-bound  protein  kinase  C. 
When  rat  liver  plasma  membrane  was  digested  with  pancreatic  trypsin,  a  cAMP-  and  Ca^^ -independent 
protein  kinase  having  a  molecular  wei^t  of  5  x  10^  was  produced.  This  enzyme  phosphorylated 
ribosonal  protein  with  a  molecular  wei^t  of  3  x  10^  which  may  correspond  to  S6  protein.  By 
ex^actlon  of  ONMibrane  with  a  buffer  containing  Triton  X-100,  proenzyme  was  detected  and  showed 
Ca^'^phospholipid  dependency  in  HI  histone  phosphorylation.  These  results  suggest  that  protease- 
activated  form  of  protein  kinase  C  is  one  of  the  candidates  of  S6  kinase.  Protein  kinase  C  was  also 
activated  by  membrane-bound,  trypsin-like  protease  discovered  by  Tanaka  et  al.  (J,  Biol.  Chem.  261, 
2610-2615  (1986)).  Another  ejqperiment  showed  that  proteolytic  activation  of  protein  kinase  C  is 

stimulated  in  the  presence  of  salt  such  as  NaCl.  When  rat  liver  plasma  membrane  was  incubated  in 
the  presence  of  increasing  concentration  of  NaCl,  the  production  of  activated  form  of  protein  kinase 
C  was  greatly  Increased.  This  reaction  was  inhibited  by  leupeptin  and  pancreatic  trypsin  inhibitor. 
These  results  may  suggest  the  possibility  that  protein  kinase  C  is  activated  by  membrane-bound 
protease  coupling  with  an  increase  in  ionic  strength  elicited  by  growth  factor-induced  Na*  influx. 


PHOSPHORYLATION  OF  THE  CATALYTIC  UNIT  OF  ADENYLATE  CYCLASE  BY  CYCLIC  AMP-DEPENDENT  PROTEIN 
KINASE  AND  PROTEIN  KINASE  C,  T.  Yeaht— m.  Bouvlcr,  J.L.  Benovic,  N,  Amlalky. 

R.J.  Lsfkovltz  and  M.G.  Caron.  Duke  Unlv.  Med.  Ctr.,  Durham,  NC  Z7710 

tegulstlon  off  the  responsiveness  off  8-sdrsnerglc  receptor-coupled  adenylate  cyclase  (C)  systems 
such  as  In  soma  fforms  of  descnsitlzatlon  to  hormones  or  during  the  general  sensitisation  observed 
after  treatMnt  off  some  cells  with  pHorbol  esters  might  Involve  covalent  modification  (phosphory- 
Isclon)  off  C  Itself.  To  test  this  hypothesis,  we  examined  whether  C  la  a  substrate  for  the  cAMP- 
dependent  protein  klneee  iPKA)  and  protein  kinase  C  (PKC)  end  Investigated  whether  such  phosphory- 
latloQ  regulates  the  tunctlon  off  the  enxyme.  c  was  purified  from  bovine  caudate  >17,000  fold  to  s 
specific  activity  off  1,5  umol.mg  ,mln  by  Lubrol  PX  solubilisation,  fforskolln-Sephsross  and  wheat 
germ  sggl^lnlo-sgsroee  chroma Cogrsphy.  C  prcparstlons  contained  s  single  polypeptide  of  M  >160,000 
revealed  by  radio Iodine cion,  SDS-PAGE  and  autoradiography.  Tha  M  >169,000  band  corralatad  fcii  with 
msyMtic  activity  on  gel  permeation  HPLC.  The  pure  C  could  be  {econstltuted  with  the  purified 
CJI??!****^**®  receptor  and  Che  stimulatory  gusnlss  nucleotide  regulatory  protein  (N  )  to  form  a 
hdrm^-st^lated  adenyUte  eyexaec  eyetem.  PKA  and  PKC  were  able  to  phospboryiatl  C  In  a  stolchio- 
matrlc  ffash^  (V).8  mol  Pu^/mol  C).  Ability  off  control  and  phosphorylated  C  to  couple  to  N  was 
cornered,  H^n  control  and  phosphorylated  C  were  reconstituted  with  w  ,  the  Gpp(NR)p  etlmullted 

^  phospnoryUted  C  wee  reduced  by  -^ZX  while  that  of  PKC*phoephorylated  C  waa  enhanced 
by  m  relative  to  cOTtrol  values.  These  results  suggest  that  hormone  sensitive  sdenyUte  cyclase 
syetm  might  oe  regulated  both  by  ffeeobeek  Inhibition  and  by  'cross  talk"  from  tbs  phosphstldyl- 
Inosltoi  pathway  through  cAMP-snd  FKC-dependent  phosphorylation  of  C,  respectively. 


77  PROTEIH  KINASE  C  NOOULATES  AOENITLATE  CYCLASE  ACTIVITY  IN  RAT  BRAIN  STRIATUN:  POSSIBLE 

INVOLVEMENT  OF  G1 -GUANINE  NUCLEOTIDE  REGULATORY  PROTEIN 

Madhu  B.  Anand-Sr1vastav<  and  Ashok  K.  Srivastava,  Clinical  Research  Institute  of  Montreal,  110 
Pine  Avenue  West.  Montreal,  Quebec,  H2W  1R7,  Canada 

The  effects  of  partially  purified  Ca^'*'.  phospholipid-dependent  protein  kinase  (C-kInase)  were 
studied  on  adenylate  cyclase  activity  fro*  rat  brain  strlatun.  C-kInase  treatment  of  the  membranes 
stimulated  adenylate  cyclase  activity,  the  maximal  stimulation  between  50-80%  was  observed  at  3.5 
U^l.  The  Inclusion  of  Ca^'^  and  phosphatidyl  serine  did  not  enhance  the  percent  stimulation  of 
adenylate  cyclase  by  C-kInase,  however,  the  stimulatory  effect  of  C-kInase  was  Inhibited  by  EGTA. 
In  addition.  In  the  presence  of  6TP,  the  stimulatory  effect  of  C-kInase  was  potentiated. 
Furthermore,  C-kInase  also  potentiated  the  stimulatory  effects  of  N-Ethyl carboxamide  adenosine 
(NECA),  dopamine  (DA)  and  forskolln  (Fsk)  on  adenylate  cyclase  activity  and  attenuated  the  GTP  and 
oxotremorine-medlated  Inhibition  of  enzyme  activities.  On  the  other  hand,  the  catalytic  subunit  of 
CAMP -dependent  protein  kinase  did  not  show  any  effect  on  adenylate  cyclase  activity.  These  data 
suggest  that  the  stimulation  of  adenylate  cyclase  and  Inhibition  of  Inhibitory  Influence  of 
oxotremorlne  and  GTP  by  C-kInase  may  be  mediated  through  the  Inactivation  (phosphorylation)  of 
Gl-guanine  nucleotide  regulatory  protein.  (Supported  by  grants  from  MRC  and  OHF). 


78  GUANINE  NUCLEOTIDE  REGULATION  OF  RECEPTOR  BINDING  AND  IP3  FORMATION.  D.L.Aub  and  T.E.Cote 

Dept,  of  Pharuacology,  USUHS,  Becheada,  MD  208U-47S3.  A  novel  GTP  binding  protein  haa  been  suggeated 
to  couple  those  receptors  which  stimulate  PIP2  hydrolysis  to  phospholipase  C.  In  7315c  cell  lysates 
GTPYS  and  Cpp(MH)p,  nonhydrolyiable  analogs  of  GTP,  stimulated  a  time  and  dose  dependent  formation  of 
1P3  In  the  absence  of  agonist.  GTPyS  was  mote  potent  and  more  efficacious  than  Cpp(NU)p  In  stimu¬ 
lating  IP3  formation.  GTP  was  able  to  decrease  the  potency  but  not  the  efficacy  of  GTPYS-stlmulated 
IP3  formation, as  evidenced  by  a  rightward  shift  In  the  GTPyS  concentration  response  curve,  suggesting 
that  a  GTPase  activity  may  be  associated  with  guanine  nucleotide  regulation  of  P1P2  turnover.  In  add¬ 
ition,  TRH  stimulation  of  IP3  formation  was  enhanced  by  the  addition  of  GTP.  In  7315c  cell  membranes 
Me-TRH  binds  to  a  single  high  affinity  site  (Kd  -  2  nM).CTPYS  and  Gpp(NN)p  decreased  specific  Me-TRH 
binding  in  a  concentration  dependent  manner  with  a  half-maximal  potency  of  0.092  UM  and  1  pM  respect¬ 
ively;  their  potency  for  stimulation  of  IP3  formation  was  the  same.  In  aembranes  made  from  cells 
which  had  been  treated  for  24hours  with  30  ng/ml  pertussis  toxin,  which  is  known  to  uncouple  receptors 
from  Nl,  GTPyS  was  still  able  to  decrease  specific  TRH  binding  (half-maximal  potency  for  control  and 
pertussis  toxin  treatment,  61  nM  and  38  nM,  respectively).  Therefore,  pertussis  toxin  does  not  inter¬ 
fere  with  the  interaction  between  the  TRH  receptor  and  Its  guanine  nucleotide  binding  protein.  GTPyS 
appears  to  decrease  specific  Me-TRH  binding  by  decreasing  the  affinity  of  the  TRH  receptor  for  its 
ligand  without  altering  the  ntimber  of  binding  sites  (control:  Kd  •  2  nM,  Bmax  ■  26  fmol/mg  protein; 
10-7  M  GTP  S:  Kd  •  7.3  nM,  Bmax  •  26  fmol/mg  protein).  These  results  indicate  that  a  guanine 
nucleotide  binding  protein  may  be  Involved  In  both  the  regulation  of  TRH  binding  and  subsequent 
stimulation  of  1P3  formation. 


79  EVIDENCE  FOR  AN  ALTERED  ADENYLATE  CYCLASE  CATALYTIC  UNIT  IN  A  PATIENT  WITH  MULTIPLE 

HORMONE  RESISTANCE.  D.  Barrett,  A.  Spiegel.  M.  Wax,  P.B.  Molinoff,  R.W.  Downs, 

Medical  College  of  Virginia,  Richmond,  Virginia  23298 

Deficiency  of  Gj  is  the  putative  lesion  in  pseudohypoparathyroidism  Type  la  (PHP  la).  However,  a 
small  group  of  atypical  patients  who  have  PHP  and  resistance  to  multiple  hormones  have  normal  red 
blood  cell  membrane  G5.  We  have  found  that  cultured  skin  fibroblasts  from  one  such  patient  (A-PHP) 
generate  50-70%  less  cAMP  in  response  to  parathyroid  hormone,  isoproterenol  or  prostaglandin  Ei,  when 
compared  to  six  normal  fibroblast  lines. 

We  now  report  that  the  skin  fibroblast  G*  of  A-PHP  has  normal  activity  as  measured  by  reconstitu¬ 
tion  into  S49  eye*  membranes.  Computer-assisted  analysis  demonstrates  that  isoproterenol  displacement 
of  ll7S..iodopindolol  binding  in  the  absence  of  GTP  defines  a  population  of  high  affinity  binding  sites 
in  4  control  and  A-PHP  fibroblast  membranes  which  represent  6-adrenergic  receptors  coupled  to  Nj.  No 
significant  difference  is  apparent  between  the  percent  of  receptors  in  this  ternary  complex  state  for 
A-PHP  (43t5%)  vs  the  average  of  controls  (53±13\). 

Stimulation  of  A-PHP  fibroblast  membranes  with  fluoride  ion  (10  nM)  and  GTPyS  (100  uM)  produces 
only  27±S%  and  33±6%  of  control  adenylate  cyclase  activity  respectively.  Direct  stimulation  of  cata¬ 
lytic  iinit  with  manganese  ion  (lti*7  4  nM)  is  36±6%  of  controls  and  stimulation  with  lWi*7  plus  for- 
skolin  (100  uM)  is  36±4%  of  controls.  A  defect  in  the  catalytic  unit  can  account  for  all  these 
results  and  may  be  a  mechanism  in  this  group  of  patients  for  their  resistance  to  multiple  hormones 
which  act  through  adenylate  cyclase. 
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DRKTIM  OP  lOfB.  OTP-Bimna  PMTinS  OP  linOCILLOLOSI  BLOTS  OP  HBOBUB  PIOTBnS 
SBFUiTD  BI  SDS-PIOB.  •  >  ■n.n.i-  ■  J  D«pt.  of  BloohMlatrr.  MoMatar  Omvaralty, 

Haailtoni  OntariOi  Cuado  L8B  3Z5. 

Boaaa  and  rabbit  platalata  vara  lyaad  bp  fraasinc  and  tbavloc  and  tba  aaabrana  fraction  laolatad. 
Maabrana  protaln  ma  praelpltatad  with  trlobloroaoatlo  aald>  dlaaolTod  In  Laanill  buffer  and  analpsad 
bp  SDS-FAOB.  Baaolvad  polppaptldaa  Mra  than  tranafarrad  alaotropboratloallp  to  nltrooalluloaa  and 
tba  biota  Inoubatod  for  30  ala  at  20^  Hlth  0.5  aM  [a-^P}aTP  In  buffer  oontalnlns  50  aM  Trla-HCl. 
pH  7.5t  and  0.3S  Twaaa  20  (0.2^Cl/al>.  Aftar  uaablnB  In  buffer  ultbout  (32p]arp,  tba  biota  uara 
dried  and  bound  dataotad  bp  autoradlograpbp.  Hajor  labelled  banda  uara  obaervad  oorraapondloc 
to  protalna  of  27  kDa  and  24  KDa.  Additional  alnor  banda  uara  dataotad  la  tba  23-26  kDa  ranta. 
Addition  of  1  M  PMSP.  0.2  M  laupaptln  and  5  bN  OTA  during  preparation  of  tba  aaabranaa  bad  no 
affaot  on  tba  pattern  of  laballlag  obaaraad.  SDS  raleaaad  tba  22p  proa  tba  biota.  Indloatlag 
non-oovalant  binding  of  Binding  of  I^Spiopp  uaa  apaolflo  In  that  It  uaa  praanatad  bp 

alBultanaoua  addition  of  0.5  liH  OTP  or  QTPtrS  or  bp  10  |iM  (B)Pi  but  uaa  unaffaotad  bp  50  liH  ATP  or 
10  uM  OMP.  Bo  OTP-blndlng  protein  uaa  dataotad  In  tba  platalat  aolubla  fraction.  Hunan  and  rabbit 
red  nail  gboata  oontalnad  tba  27  kDa  but  not  tba  24  kDa  OTP-blndlng  protaln.  Analpala  of  rat  tlaauaa 
bp  tba  blotting  taohnlqua  daaonatratad  blgb  oonoantratlona  of  27  kDa  and  26  kDa  OTP-blndlng  protalna 
In  brain,  laaaar  anounta  of  27  kDa  protein  In  adrenal  and  lung  tlaaua  and  aaall  aaounta  of  27  kDa 
protaln  In  llaer.  kidnap,  aplaan.  heart  and  akalatal  aiaela.  Tba  raaulta  daaonatrata  tba  azlataaoa 
of  a  nau  fanllp  of  OTP-blndlng  protalna  dlatrlbutad  uldalp  In  naBallan  tlaauaa. 

Supported  bp  tba  Hadloal  Reaaarob  Counoll  of  Canada  and  tba  Heart  and  Stroke  foundation  of  Ontario. 
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MBjclklawlcz.  D.  Bc^anic  and  J.N.  Pain.  Dqpaztannt  of  BloctMBiatzy,  aiivmnlty  of 
Tbmaaaaa,  Maiphla:  naftola,  TX  38163. 

ftw^phoUpaaa  C  activity  uaa  laolatad  ITcb  bcaln  anahranaa  by  ctelata  aoettactlon  foUouad  by 
oantrlfu^itlcn  at  100.000  x  g  fer  1  hr.  The  aolubllizad  anzyaa  catalyzed  tha  bnaatalcun  of 
linidiBtl^llnaaltol  4,5-bld(ihGa|diata  (FIP2)  phcaphatldylinoaitol  4-phoa|diate  (FTP)  but  not 
ite^diBtldyllnaaltol  (FI)  tndar  our  aaaay  ocndltlon*.  Bn^Htlc  activity  did  not  laquira  tha 
addltlcn  of  divalent  oationa  but  uaa  Inccawad  in  tha  pcaaanca  of  3  hH  aodluB  dnoaq/tholata. 

HyikDlyBla  of  FIP-  and  FIP  wa  atiaulatad  by  5  *  -guanylyl-laldndl  rhoatdiatn  with  half  aaxiaal 
actlvatin  at  a  nuSlaotida  .gciionuti-atlcn  _  of  mnradjaataly  10  wM.  Huclactide  activation  uaa 
iidilbltad  by  althn:  1  aM  ca^  or  1  M  ng".  lhaaa  data  auggast  a  role  for  ruclaotidaa  in  tha 
zngulatlon  of  pfao^ihallpaaa  C  in  tsain  anabKanae.  Wiethar  thia  tagulatlcn  ia  aadlatad  by  a 
guanina  ruclaotide  binding  ixotain  lUBBina  to  ba  dataminad. 
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LOCALIZATION  OF  G-PROTEIN  mRNAS  (Ta,TP,Gi,Gi)  IN  BOVINE  RETINA  BY  IN 
SnV  HYBRIDIZATION  HISTOCHEMISTRY:  M.R.  Brann.  Ubomoiy  of  CeU  Bkdoey,  NIMH,  Metabolic  Diseases 
Branch,  NIDDK,  NIH,  Bethesda,  MD. 

In  addiliaa  to  phatoteaiitive  rods  and  cones,  the  retina  contains  a  diversity  of  neurons  which  synthesize  distinct 
neurotransmiltarsnndneurotranMiiitterrecepton.  Recm  evidence  indicates  that  the  response  of  rods  to  light,  and  the  response 
of  recepton  to  neurotransmitteis  are  mediated  by  a  family  of  closely  lelMed  G-proteins.  We  prepared  synthetic  48^se 
oUgodeoxynucleacide  probes  which  are  coniptenieotary  to  the  published  s^uences  of  mRNAs  encoding  the  al^a  (Ta)  and 
beta  (TP)  subunits  of  transducin,  the  O-proiein  of  rods;  the  alpha  subunits  of  Gs  and  Gi,  the  G-proteins  associated  with 
neurolnnsniilter  control  of  adenylate  cycUse.  These  probes  were  used  for  localization  of  mRNAs  in  bovine  retina  by  in  hu 
hybridizatian  hisSocbeinistnr  as  previou^  described  (Brann  and  Young,  FEBS  Laters  (1986)  2(X);275). 

mRNAs  encodiag  Ta  and  Tp  were  present  within  rods,  and:  there  both  of  the  mRNAs  were  present  in  the  outer 
nuclear  layer  (riwioo  of  rod  nuclei),  both  mRNAs  were  most  abundant  in  the  tod  inner  segments,  and  neither  mRNA  was 
present  in  the  rodaolertegnieott.  Ta  mRNA  was  not  present  in  the  inner  layers  of  the  retina.  On  the  other  hand,  mRNAs 
encoi^  Gi  and  Os  were  most  abundant  in  the  inner  layen  of  the  retina,  and  both  of  the  mRNAs  were  most  abundant  in 
ganglion  cent  and  in  the  inner  nuclear  layer.  Gi  mRNA  was  also  present  in  the  outer  nuclear  layer,  suggesting  rods  express 
oothTaandOL  These  results  illustnte  the  utility  of  in  nw  hybridization  histochemist^  in  the  study  of  the  expression  of 
mRNAs  encodiag  O-proieim  by  individual  neurons  within  the  retina. 
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HUHM  ODKA  CLONES  FOR  FOUR  SPECIES  OF  Co,  MIA  AMD  FOR  Gai  aRNA. 

Br«Y.  P..  Carter,  A.,  Slaona,  C..  Cuo,  V.  Puckett,  C.,  Kaaholtz,  J.,  Spiegel,  A.,  and 
Niranberg,  H.  MIH,  Betheada,  MD. 

A  Igtil  COMA  library  prepared  froa  huaan  baaal  ganglia  waa  screened  with  3  ollgodaoxynuclactlde 
probes  for  reooaiblnants  coding  for  a  subunits  of  C  signal  transducing  proteins.  Fourteen  of  the 
575,000  reooablnant  clones  screened  foraad  hybrids  with  2  or  3  probes.  Nucleotide  sequences  of  two 
clones,  BG-A  and  80-21-2,  are  highly  hoaologous  to  bovine  brain  aj  cDNA  (Nukada,  T.  tt.  aj^. ,  FEBS 
Letters  197.  305,  1986).  The  nucleotide  sequences  of  both  strands  of  BG-A  oj  cDNA  were  deteralned. 
The  sequence  begins  at  the  lAth  nucleotide  residue  of  the  bovine  ci  coding  sequence  and  ends  at 
1261  in  the  3*  untranslated  region.  Nucleotide  sequences  of  ll  clones  are  highly  hoaologous  to  the 
sequence  of  bovine  Og  (Nukada.  T.  FEBS  Letters  195  .  220,  1986;  Roblshaw,  J.  et  al.. 

Prop.  Matl.  Acad.  Scl.  USA  83.  1251.  1986).  Both  strands  of  BG-3  sg  cDNA  were  sequenced 
ccapletaly.  The  first  nucleotide  residue  corresponds  to  the  3Ath  residue  of  the  bovine  sg  coding 
sequence  and  the  last,  1276,  In  the  3 '-untranslated  region.  cDNA  clones  for  3  additional  species 
of  Og  aRMA  were  obtained  that  differ  In  the  region  coding  for  aaino  acid  residues  71-87;  og-l 
(clones  BG-1,  HB-2,  BO-6,  and  BG-21-5)  coda  for  the  saae  aaino  sold  residues,  71-|7,  that  are 
present  In  bovine  a.;  Cg-E,  (BG-3)  contains  3  additional  bases  which  code  for  Ser^T;  ag-3  (BG-6, 
BO-20)  contain  Aap^'  In  place  of  Gin'll  and  lacks  residues  72-86;  and  Og-A  (BG-13,  BG-21-1)  contain 
Asp^’  In  place  of  Glu^*,  lack  og-l  residues  72-86  and  contaiiu  3  additional  bases  which  code  for  a 
serine  following  (Uu^^.  Hybridization  of  cloned  cDNA  to  total  RNA  followed  by  digestion  with  S; 
nuclease  revealed  multiple  foras  of  Og  aRMA.  Ho  propose  that  the  A  species  of  Og  bRNA  are  formed 
by  alternative  splicing  of  an  cg  RNA  transcript. 


Man-SITE  MOOUUTION  OF  HORMONE-SENSITIVE  ADENYLATE  CYCLASE  BY  PHORBOL  ESTERS/C-KINASE  IN 
S49  LYMPHOMA  CELLS.  LL  Brunton,  U  Spelter,  JR  Kanter,  HJ  Watson  and  JD  Bel).  UCSD,  La  Jolla,  CA 
12-o-tetradecanoy1phorbo1 -13-acetate  (TPA)  has  at  least  three  functionally  distinct  effects  on 
horawne-sensltlve  adenylate  cyclase  (AC)  In  S49  lymphoma  cells:  1)  a  SOt  reduction  In  agonist 
affinity  for  both  Isoproterenol  (INE)  and  PGEi  with  no  detectable  reduction  In  6-receptor  density;  2) 
attenuation  of  functional  coupling  of  hormone  receptor  and  transducer  protein  (G$).  The  magnitude 
of  this  effect  Is  agonist-specific  and  Is  exaggerated  by  lowering  experimental  temperature  to  ET'C, 
where  TPA  Inhibits  the  maximum  response  to  PGEi  by  SOt  and  the  response  to  INE  by  25t;  3)  TPA 
enhances  GTP-deoendent  AC  activity.  This  enhancement  seems  to  Involve  a  GTP-bIndIna  oroteln  since 
TWr  enhances  forskol In-stimulated  AC  activity  by  35t  In  the  presence  of  guanine  nucleotide  but  only 
minimally  In  its  absence  In  wild  type  (HT)  membranes.  He  obtain  comparable  results  In  the  eye* 
variant  which  lacks  the  a  subunit  of  G$,  suggesting  the  Involvement  of  the  Inhibitory  GTP-bIndIng 
protein,  Gi.  Blockade  of  6i  activity  by  high  concentrations  of  Mg++  (MOO  bM)  or  Mn++  (>300  urn) 
abolishes  the  effect  of  TPA  to  enhance  AC  activity  In  MT  membranes.  Kinetic  studies  with  a  non- 
hydrolyiable  GTP  analog  suggest  that  TPA  treatment  reduces  both  the  rate  and  extent  of  activation  of 
G]  by  guanine  nucleotide.  Appropriate  analog  specificity,  binding  of  [3N]phorbo1  dibutyrate  (Kp  * 

31  dM;  Binax  *  ^-3  pmol/mg  protein),  TPA-Induced  translocation  of  C-kinase  activity  from  cytosol 
to  membrane,  and  the  phosphorylation  of  a  discrete  group  of  membrane  proteins  In  response  to  TPA 
all  support  the  effects  of  TPA  being  mediated  by  activation  of  protein  kinase  C.  (Supported  by 
NSF  PCM  81-10116,  NIH  HL  17682,  RCDA  HL  00935  and  a  PMA  fellowship  to  JO  Bell) 
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DESENSITIZATION  IS  VEKY  EXTENSIVE  IN  AN  S49  HOUSE  LYMPHOMA  VAEIANT  WITH  LOW  PDE  ACTIVITY. 
t.  W,  Butcher.  R.  Barber*  and  T.  Goka.  Univeralty  of  Texas  Graduate  School  of  Blo»edlcal 
Sciences*  Laboratories  o?  Cyclic  Nucleotide  Research*  P.O.  Box  20334*  Houston,  Texas  77225. 

A  variant  of  S49  cultured  lyaphoaa  cells  (Sir)  deficient  in  cAMP  dependent  protein  kinase  activity 
and  with  low  phosphodiesterase  (PDE)  activities  has  been  isolated  and  partially  characterized  by 
Bourne  et  al.  (J.  Cell.  Physiol.  BS:  611*620).  This  low  PDE  activity  in  Blr  cells  aade  the  variant  an 
attractive  one  for  detailed  studies  of  intracellular  cAMP  Betabolism.  We  have  found  that,  as  expected 
fro«  the  low  phosphodiesterase  activity  previously  reported,  the  cAHP  turnover  rate  in  Blr  cells  is 
relatively  slow  (t){  •  18*23  aln  at  37^C).  Further,  cAMP  levels  in  unstiaulated  cells  ranged  froa 
about  IX  to  SZ  of  cellular  ATP  (i.e.,  20*100|jN  or  100*500  paol/ag  protein).  Theae  level;,  are  aany 
tisies  higher  than  aost  S49  WT  cells,  and  they  aade  aeasureaenta  of  turnover  in  the  absence  of  a  hor- 
aone  possible.  The  turnover  constant  for  cAMP  in  unstiaulated  cells  rate  is  0.030  t  0.0031/ain.  This 
is  not  significantly  different  than  the  value  aeasured  during  epinephrine  stiaulation,  which  is  0.035 
i  0.004/ain.  The  turnover  values  were  used  to  determine  precise  levels  of  adenylate  cyclase  activity 
throughout  the  tlae  course  of  epinephrine  stiaulation.  Desens it izs^on  was  both  rapid  and  profound, 
with  the  level  of  adenylate  cyclase  activity  falling  by  70Z  within  the  first  4  win  of  stiaulation. 

This  suggests  that  desensitization  aay  be  a  very  aajor  factor  in  the  attenuation  of  catecholaaine 
action,  at  least  in  soae  cell  types.  Further,  epinephrine  Induced  desensitization  in  Blr  cells  is 
manifested  by  an  experiskentally  demonstrable  left  shift  of  the  EC50>  Conversely,  S49  WT  cells  re* 
sponded  to  desensitization  such  that  ECso  was  shifted  to  the  right.  We  hypothesize  that  these  phenoa- 
ena  may,  at  least  in  part,  be  secondary  to  the  differences  in  the  speed  and  extent  of  desens it Izat ion 
in  the  t%fO  cell  types. 


PSEUDOHYPOPARAnYBOIDlSM  TYPE  la  *  DECREASED  T&AM9CRIFTI0M  OF  MULTIPLE  PDBiS  OF  Gg  ou 
A.  Carteri  C.  Bardin,  R.  Collins,  P.  Bray*,  C.  Siaons,  and  A.  Spiegel,  Metabolic  Diseases  Branch, 
NIDDR,  and  ^Laboratory  of  Biochemical  Genetics,  NHLBI,  NIH,  Bethesda,  MD 

Pseudohypoparathyroidisa  (PBP)  Type  Za  ia  a  genetic  disorder  characterized  by  target  organ 
resistance  to  aultiple  hormones  acting  via  stiaulation  of  ciMP,  Several  laboratories  have 
deaonstrated  that  plasma  ae^ranes  from  siAjacts  with  np  la  have  decreased  activity  of  the 
stimulatory  guanine  oucleotide  binding  protein  (Gg)  associated  with  adenylate  cyclase.  Cholera* 
tosio  labeling  of  Che  a  std>unit  of  Gg  is  also  reduced  in  plasm  aeabranes  from  subjects  with  nP 
la.  Using  bovine  and  human  cDNA  probes  for  Gg*a  we  have  performed  Northern  blot  and  81  analysis  of 
total  RNA  extracted  from  fibroblasts  of  noraal  and  FHP  individuals.  Of  5  patients  studied,  four 
show  decressed  steady*staCe  levels  of  Gg*a  aRMA.  Gg*a  aRNA  exists  in  at  least  two  forms  (long  and 
short),  differing  by  approximstely  45  bp.  These  are  not  distinguished  by  Northern  bloc 
hybridization  but  can  be  distinguished  by  SI  nuclease  protection  assay.  SI  analysis  indicates  that 
both  long  and  short  fonts  are  decreased  in  subjects  with  PHP.  Moreover,  there  appears  to  be  no 
significant  change  in  the  ratio  of  long  to  short  forms  in  RIP  compared  with  normal  individuals.  It 
appears  likely  that  in  soae  cases  of  PHP  Type  la,  the  genetic  lesion  affects  some  cosponent  of  the 
transcription  of  multiple  foras  of  the  Gg*a  subunit. 


88  The  Effects  of  M9CT2»  Byj*  and  the  Cyclic  GMP*[>ependent  Phosphodiesterase  on  the 

Rhodopsfn-promoted  GTPase  of  Tnnsdudln.  R.  Cerlone.  N.  Lakonlshok.  R.  Somers,  and  A.  Soleoel. 
Cornell  U.,  Ithaca,  NY  14853,  NIH,  Bethesda ."HtD  2D?05. 

The  GTPase  cycle  of  the  retinal  nucleotide  repulatory  protein,  transducin  (TD),  has  been 
examined  after  reconstituting  the  pure  components  of  the  phototransduction  system  Into  lipid 
vesicles.  Transducin,  alone,  has  little  or  no  GTPase  activity;  however,  the  addition  of  TO  to 
I1p1d  vesicles  containing  RHO  results  In  the  activation  of  multiple  TD  molecules  (per  molecule  of 
RHO)  and  a  significant  GTPase  (»  1  mol  PI  released  per  min.  per  mol  TD).  Dose  response  curves 
for  the  effects  of  MgCU  on  the  RH0*st1mulated  GTPase  are  complex  and  Include  both  stimulatory 
and  inhibitory  phases.  ^Other  salts  such  as  KC1  only  partially  mimic  the  stimulatory  phase, 
suggesting  that  the  effects  by  MgCU  reflect  specific  Interactions  between  the  divalent  metal  and 
TD  and/or  RHO.  The  addition  of  tire  pure  Byj  complex  to  RHO/TD  vesicles  can  also  Increase  the 
RH0*st1iiu1ated  GTPase  activity.  This  stimulation  Is  dependent  on  both  end  [Byj]  and 

appears  to  reflect  the  promotion  by  Byt  of  the  RH0*oj  GDP  Interactions  which  occur  at  the  outset 
of  each  new  GTPase  cycle.  The  Inclusion  of  the  pure  cyclic  GMP -dependent  phosphodiesterase  (PDE) 
In  the  reconstituted  RHO/TD  vesicle  systems  has  no  significant  effect  on  the  RH0*st1mulated 
GTPase  activity,  either  In  the  absence  or  presence  of  the  substrate  cyclic  GNP,  or  Its 
8-bromo-analog.  Overall  the  results  obtained  from  these  studies  now  suggest  1)  subunit 
dissociation  of  TD  must  occur  within  the  time  frame  of  the  activation-deactivation  cycle  of  this 
protein  and  2)  the  Interaction  of  the  effector  enzyme  (PDE)  with  TD  has  no  significant  effect  on 
the  rate  of  deactivation  (GTPase)  of  TD. 
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nwnFicATioii  or  a  ooMBBtviD  DONAH  AioB  CYCLIC  MicLwnnt  nosnuonsnusis  nm 
Dram  snCIB.  H.  Charboim— u.  N.  K.A.  tfalah,  and  J.A.  Bmvo*.  D^partmts  of 

BlochMistry  and  *PbarBacology»  Unlvarslty  of  Vlashlntton»  Saattla*  WA  9819S.  Hultipla  forma  of 
cyclic  nuclaotida  phoaphodlaatarasa  (PDE)  dlffaring  In  apparent  molecular  velght*  substrate 
specificity,  lomunologic  reactivity,  and  mode  of  regulation  have  been  identified  within  the  same 
tissues  and  in  many  cases  the  same  cell.  In  order  to  understand  the  structural  basis  for  the  diverse 
catalytic  and  regulatory  properties  of  these  PDB  tsosymes,  we  have  determined  the  partial  amino  acid 
sequences  of  two  bovine  iaosymes,  the  61  KDa  calmodulin*dependent  PD£  and  the  c01P’’Stiaulated  PDE. 
The  partial  amino  acid  sequence  of  the  bovine  ensymes  have  been  examined  for  homologous  segments  and 
have  been  cosqMred  to  the  predicted  amino  acid  sequences  derived  from  the  recently  determined 
nucleotide  sequences  of  the  yeast  PDE2  gene  (P.  Sass,  J.  Field,  J.  Nikawa,  T.  Toda,  and  M.  Uigler, 
Proc.  Natl.  Acad.  Sci.  USA,  manuscript  submitted)  and  the  Drosophila  dunce"**  gene  (C.'M.  Chen,  S. 
Denosm,  and  R.L.  Davis,  Proc.  Natl.  Acad.  Sci.  USA,  manuscript  submlttedTT  These  comparisons  show 
that  despite  their  distinct  sises,  diverse  phyiogeny,  and  different  regulatory  properties  all  four 
ensymes  display  structural  homology  within  a  single  d(»ain  of  about  270  residues.  For  example,  there 
is  AIZ  seqxience  Identity  between  the  domains  of  the  dunce"**  gene  product  and  the  calmodulin-dependent 
PDE*  The  absence  of  absolute  sequence  identity  between  the  two  bovine  ensymes  shows  that  they  are 
iinlque  gene  products  that  are  not  produced  by  alternative  processing  of  either  a  single  mRNA 
precursor  or  a  larger  polypeptide  chain.  These  homologous  domains  may  comprise  the  catalytic  site  in 
these  PDEs,  Limited  proteolytic  studies  are  beii^  conducted  in  an  attempt  to  Isolate  and  sequence 
fragments  of  the  bovine  Isosymes  that  retain  catalytic  activity. 


90  EBGUUTIOH  OP  R08  cGMF  PK  BY  UODOP8I1I  FH06FH0AYUTION  AMD  4BK  PR0TEXM»  Deborab  Ai 

Fox.  James  L.  Miller,  asd  Burton  J.  Litnan,  Department  of  Biochemistry,  University  of 
Virginia,  School  of  Medicine.  Charlottesville,  Va.  2290B. 

Bhodopsin  species  containing  0.  2  and  >4  (high)  idMSphates  per  rhodopsin  (P/R)  were  purified  and 
reconstituted  into  phosphatidy Ichol ioe  vesicles.  These  vesicle  prepsrations  were  used  to 
investigste  the  light-depcodent  activation  of  the  rod  outer  segment  cGMP  phosphodiesterase  (PK)  in 
the  absence  and  preaence  of  purified  Ag’^d  protein  (481).  In  the  absence  of  48k,  a  graded  reduction 
in  the  maximum  velocity  of  ! igbt'St imuleted  PDE  activity  was  obaerved  with  increasing 

rhodopsin  phosphorylation.  The  inhibition  of  PDE  ^aax  following  low  fractional 

rhodopsin  bleaches  snd  bscsms  Isis  proiouncsd  st  higher  irsctionsl  rhodopsin  blescbes.  Following 
blsachos  of  0.01  sod  IX,  tbs  of  the  PDE  in  cbe  high  ?/R  vesicles  was  reduced  by  851  sod  301 

rsspsctivsly,  rslstivs  to  tbs  o  P/t  centtol  vssiclss*  Pbespbory Istion  slone  hsd  no  sigoificsnt 
effect  on  tbs  lifetime  of  the  sctivs  rhodopsin  species  (Rho*)  (  *  400sec). 

Tbs  effect  of  adding  48K  to  the  assay  mixture  was  investigsteo  st  seversl  blescb  levels.  The 
molar  ratios  of  48K:Rboo  ranged  bstwtsn  20:1  sad  2:1*  Addition  of  46K  did  not  change  for  0  P/R 

vesicles,  however,  it  did  produce  s  slight  reduction  in  the  PDE  V  In  contrast,  T^f  {  for  high 

P/R  vesicle  samples  was  reduced  by  *'851  in  the  presence  of  48K  (trom  >400sec  to  <70sec;,  whereas, 
the  V  was  reduced  by  so  additional  201  beyond  that  produced  by  pbosphory Istion  in  the  absence  of 
48K  bleach).  When  ATP  was  included  in  tbs  reaction  mixture,  there  was  no  further  effect  on 

or  V^^^.  Ibsss  results  dsmonstrstc  that  rhodopsin  pbospborylstioo  is  s  oecesssry  requirement 
for  48X  to  effect  PIE  nnd  of  Rho*.  Supported  by  RIB  grsnt  EY00548. 


91  Cr(in)  GUANlNf  NUCLEOTIDE  COMPLEXES  AS  PROBES  FOR  OTP-BINOING  IN  BOVINE  TRANSOUCIN. 

Suzanne  E.  Frey  and  Yee-KIn  Ho,  Department  of  Biological  Chemistry,  University  of 
Illinois  at  Chicago,  Health  Sciences  Center,  Chicago,  Illinois  bOblF. 

We  have  synthesized  Cr(III)-6,y  bldentate  GTP  and  Gpp(NH)p  complexes  to  probe  the  GTP  binding 
activities  of  transducin.  Cr(lII)-6TP  at  ten-fold  higher  concentration  of  Mg-6TP  promoted  the 
light-activation  of  the  PDE.  The  hydrolysis  of  the  bound  GTP  as  monitored  by  the  decrease  of  the 
activated  PDE  activity  Indicated  that  both  complexes  were  hydolyzed  at  the  same  rate.  However, 
using  tY-^2piCr(III)‘6TP  as  substrate.  It  was  shown  that  Cr(llI)'GTP  was  degraded  five  times 
slower  than  NgGTP  In  the  photo-activating  cycle.  Unlike  the  transducIn-Ng'GTP  which  dissociated 
from  the  rhodopsin  membrane,  the  transduc1n-Cr(IlI)’GTP  complexes  were  found  tightly  associated 
with  the  photolyzed  rhodopsin.  The  different  Cr([n)'6TP  hydrolysis  rates  could  be  explained  in 
the  following  terms.  In  the  radioactive  tracer  assay,  the  lack  of  free  photolyzed-rhodopsln  for 
repeated  activation  of  transducin  could  lead  to  a  slower  hydrolysis  of  the  [^^P]Cr(lII)  GTP. 

However,  In  the  PDE  assay  the  membrane  bound  POC  only  interacts  with  the  membrane-associated 
transducIn-Mg'GTP  or  -Cr(llX}*6TP  complexes  for  Its  activation.  The  measure  of  the  decrease  of 
the  PDE  activity  could  not  sense  the  soluble  transducIn-Mg’GTP  which  could  remain  active  In 
hydrolyzing  GTP.  Therefore,  a  similar  turnover  rate  was  observed.  These  results  suggest  that  the 
activation  of  the  cGNP  cascade  remains  a  membrane-associated  event.  Cr(lll) 'GppINHlp  was  found  to 
behave  similarly  to  Mg*Gpp(NH)p  which  bound  tightly  to  transducin.  The  stereo >1somers  of  the 
Cr(lII)*Gpp(NH)p  complex  were  separated  by  reverse  phase  HPLC.  All  Isomers  were  found  capable  In 
activating  the  PDE.  No  significant  stereospecificity  of  the  Cr( III) *Gpp(NH)p  complexes  was  observed. 


PURIFICATION  AND  IffWNOCHEMICAL  CHARACTERIZATION  OF  THE  MAJOR  PERTUSSIS  TOXIN  SUBSTRATE  OF 
BOVINE  NEUTROPHILS:  P.  Gierschik*.  0.  Sidiropoulos*,  A.  Spiegel*,  and  K.H.  Jakobs*,  *PharTnakologisches 
Institut  der  Universltat  HeldelSerg,  FRG,  and  +Metabolic  Diseases  Branch,  NIADOK,  NIH,  Bethesda,  MD. 

Bovine  peripheral  neutrophils  contain  high  levels  of  a  40  kDal  pertussis  toxin  (PT)  substrate,  which 
was  found  in  both  plasma  membrane  and  cytosolic,  but  not  in  granular  fractions  upon  subcellular 
fractionation.  The  36  kOal  beta  subunit,  common  to  all  known  PT  substrates,  was  exclusively  found  in 
plasma  membrane  fractions.  Both  the  40  kDal  protein  and  beta  subunits  were  purified  from  plasma 
membranes  to  near  homogeneity  by  sequential  ion  exchange,  gel  filtration,  and  hydrophobic  chromato¬ 
graphy.  The  purified  40  kDal  protein  was  shown  to  interact  with  homologous  and  heterologous 
beta/gamma  complexes,  undergo  AOP-ribosylation  by  PT  and  bind  guanine  nucleotides.  The  mobility  of 
the  protein  on  SDS  polyacrylamide  gels  differs  slightly  from  those  of  the  alpha  subunits  of 
transducin  (G^),  Gp  and  G-(,  purified  from  bovine  retinas  and  brain,  respectively.  Several  polyclonal 
antisera  against  the  alpha  subunits  of  bovine  Gt  and  Gq  did  not  react  with  the  40  kDal  neutrophil 
protein  on  immunoblots.  CU  6,  a  polyclonal  antiserum  reactive  against  bovine  G^  alpha,  reacted  only 
minimally  with  the  40  kDal  neutrophil  protein.  These  results  suggest  that  the  major  PT  substrate  of 
bovine  neutrophils  is  different  from  previously  identified  substrates  and  may  represent  a  novel 
guanine  nucleotide  binding  protein. 


BOVINE  PHOTORECEPTOR  PHOSPHODIESTERASE  NONCATALYTIC  CYCLIC  GMP  BINDING  SITES  ARE  ENRICHED 
IN  A  DISTANT  ISOZYME.  Peter  G.  Gillespie  and  Joe  A.  Beavo,  Department  of  Pharmacology  SJ'30,  Uni- 
versity  of  Washington,  Seattle,  Washington  98195. 

It  has  been  reported  that  frog  rod  outer  segment  phosphodiesterase  (PDE)  contains  high-affinity, 
non-catalytic  cyclic  GMP  (cGMP)  binding  sites  (Yamazakl  et  al. ,  J.  Biol.  Chem.,  255:11619,  1980).  We 
have  begun  to  characterize  Che  binding  sites  of  outer  segment  phosphodiesterases  from  bovine  retinas, 
where  greater  amounts  of  protein  can  be  easily  obtained. 

Bovine  photoreceptor  phosphodiesterase  isozymes  were  separated  into  two  major  peaks  by  anion 
exchange  chromatography  of  hypotonic  retinal  extracts.  The  peak  of  activity  eluting  at  lower  con¬ 
ductivity  (peak  I)  is  the  predominant  form  in  cones,  while  the  bulk  of. the  PDE  activity  (peak  II)  is 
derived  from  rods  (Hurwitz  et  al. ,  J.  Biol.  Chem.,  260:568,  1985).  I'^HlcGHP  binding  to  PDE  is  sub¬ 
stantially  greater  in  peak  I  chan  in  peak  II.  Scatchard  analysis  of  peak  I  binding  indicated  a 
single  class  of  binding  sites,  with  IC  ■  12  nH.  The  maximal  binding  (B^^)  was  10.1  pmoles  cGMP 
bound  per  unit  of  PDE  activity.  Scatchard  plots  of  peak  II  cGMP  binding  were  curved;  analysis  of  the 
data,  assuming  two  noninteracting  classes  of  binding  sites,  indicated  values  of  16  and  234  nM.  The 

B  for  peak  II  per  unit  activity  was  10-  to  20-fold  less  than  for  peak  I.  Peak  I  cGMP  binding  was 
s?^ulated  by  IBMX  and  inhibited  by  cGMP  analogs  with  order  of  potency  (Sp)cCMPS>(Rp)cQlPS>cGMP> 
8-Br-cGNP.  Several  criterea  suggest  that  the  binding  site  is  distinct  from  the  catalytic  site. 

These  experiments  indicate  significant  differences  in  cyclic  GMP  binding  between  the  forms  of  photo¬ 
receptor  phosphodiesterase. 


94  NEURAL  REGULATION  OF  ADENYLATE  CYCLASE  IN  RAT  BROVN  ADIPOSE  TISSUE.  J.C.  Cr^nne«xn. 

Center  for  Cell  Biology,  Sinai  Hospital  of  Detroit,  Detroit,  Mi  48235. 

Many  tissues  decrease  their  responsiveness  sfter  exposure  to  increased  levels  of  stimulation.  In 
contrast,  we  have  reported  that  cold  exposure,  which  increased  sympstbetic  nerve  stimulation  of 
brown  adipose  tissue  (BAT)  in  rats,  increased  the  responsiveness  of  adenylate  cyclase  to  norepineph¬ 
rine  and  fluoride.  We  are  examining  the  molecular  basis  of  the  increase  in  adenylate  cyclase 
responsiveness  and  have  found  that  exposing  rats  to  4*C  for  3  days  increased  cholera  toxin-catalyzed 
P]-ADP  ribosylatioo  of  the  stianilatory  regulatory  protein  of  adenylate  cyclase  (G^)  in  BAT 
membranes  by  2-3  times.  The  increase  in  labelling  of  G^  corresponded  to  the  observed  increase  in 
adenylate  cyclase  activity.  Furthermore,  surgical  denervation  of  BAT  prevented  both  the  increased 
labelling  of  and  the  sensitization  of  adenylate  cyclase*  indicating  that  both  result  from 
increased  neural  stimulation  of  the  tiasue.  In  contrast,  cold  exposure  did  not  alter  pertussis 
toxin-catalyzed  ADP-ribosylation  of  the  inhibitory  regulatory  protein.  Additional  studies  demon¬ 
strated  that  detergent  extraction  normalized  adenylate  cyclase  activity  to  guanylyl-5'-imidodiphos- 
pate  stimulation  without  affecting  the  supersensitive  response  to  fluoride,  and  that  the  supersensi¬ 
tive  response  to  fluoride  was  reversed  after  reconstitution  of  detergent  extracts  into  membranes  of 
S49  cyc~  lymphoma  cells.  Ve  conclude  that  neural  activation  of  BAT  sensitises  adenylate  cyclase  by 
altering  G^.  The  exact  nature  of  this  change  is  not  certain,  but  it  may  result  from  the  interaction 
of  G  with  membrane  components  that  are  unique  to  msbranes  of  cold-exposed  rats.  Supported  by  NIB 
grant  AM  37006. 


9S  POSSIU.E  MECHANISM  FOR  INTRANEURONAL  RBGUUTION  OF  ADDIYUTE  CYCLASE:  NUCLEOTIDE  TRANSFER 

BETWEEN  GTP-BINDING  PROTEINS.  Shinichi  Hatta,  Marietta  M.  Marcus,  Yuko  Hatta  and  Hark  M.  Rasenick 
Department  of  Physiology  and  Biophysics,  University  of  Illinois  College  of  Medicine.  Chicago,  IL 
60680 

P^-azidoanllido-P^'S'GTP  (AAGTP)  is  an  hydrolysis-resistant,  photoaffinity  GTP  analog  which  is 
capable  of  supporting  activation  or  inhibition  of  adenylate  cyclase  which  is  sustained  subsequent  to 
buffer  washing  of  membranes.  Under  conditions  where  adenylate  cyclase  inhibition  is  seen, 
photoaffinity  analysis  of  synaptic  membranes  indicates  ^^P  AAGTP  bound  to  the  inhibitory,  40  KDa 
GTP-binding  protein  [GNl].  If  these  membranes  are  then  incubated  under  conditions  which  reverse  the 
inhibition  of  adenylate  cyclase,  and  the  membranes  are  subsequently  subjected  to  UV  irradiation, 
AAGTP  appears  bound  to  the  stimulatory  GTP-binding  protein  [GNs].  The  degree  of  AAGTP  appearing  on 
GNs  is  proportional  to  the  reversal  of  adenylate  cyclase  inhibition,  and  the  sum  of  AAGTP  bound  to 
GNs  and  GNi  is  constant.  These  results  are  consistent  with  direct  transfer  of  nucleotide  between 
GNi  and  GNs.  Whereas  Hgf^  is  required  for  AAGTP  binding  to  GNi  and  for  the  transfer  of  AAGTP 
between  GNi  and  GNs,  it  is  not  required  for  AAGTP  binding  to  GNs.  The  phenomenon  of  AAGTP  transfer 
between  GNi  and  GNs  as  well  as  the  existence  of  a  novel  22  RDa  AAGTP-binding  protein  has  been 
observed,  thus  far,  only  in  membranes  from  neural  crest  cells.  Due  to  the  slow  GTPase  activity 
expressed  by  GNs  and  GNi,  exchange  of  GTP  between  GN  proteins  is  a  possibility.  We  believe  that  the 
phenomenon  of  nucleotide  transfer  between  GNs  and  GNi  may  represent  a  mechanism  for  the 
intracellular  regulation  of  adenylate  cyclase  in  nervous  tissue. 


96  GUANINE  NUCLEOTIDE  REGULATORY  PROTEINS  IN  THE  ADRENAL  CORTEZ 

William  P.  Hauedorff,  Gretl  Aguilera,  and  Kevin  J.  Catt,  HICHD,  NIU,  Bethesda,  MD  20892 
We  examined  the  effects  of  pertusaie  toxin  (PT)  on  glomeruloae  cell  responaee  to  angiotensin  11 
(All)  and  somatostatin  (SRIf) •  which  respectlvaly  atimulate  and  inhibit  aldoetarone  production  by 
the  adrenal  gland.  Both  hormones  inhibit  cAMP  accumulation  in  Isolated  glomeniloaa  cells,  and  this 
effect  was  attanuated  by  prior  axpoaure  to  PT.  Tha  toxin  also  blockad  tha  ability  of  SRIF  Co 
inhibit  Che  aldoaCerone  responee  to  1  nM  All.  However,  PT  effects  on  the  atimuleclon  of  steroid 
production  by  All  alone  were  more  complex.  Alt  eliclta  e  biphaslc  steroid  response  in  which  All 
concentrations  up  to  10  nM  caused  dose-dependent  Increases  in  sldosterone  release;  this  response 
was  unaffected  by  PT  treatment.  At  higher  hormone  concentrations  starold  output  baglnseto  declina, 
and  this  response  was  blockad  by  the  toxin.  In  studies  with  radiolabeled  ligands,  ^^I-Tyr^-SRIF 
binding  to  peraeabilised  cells  became  almost  undetectable  following  PT  pretreatment.  Under  the 
same  conditions,  ^^1-AIX  binding,  and  the  Inhibitory  effects  of  guanlna  nucleotldas  thereupon, 
were  apparently  unperturbed.  We  also  detected  e  low  R  GTPaae  activity  In  permaablllced  calls  that 
is  specif Ically .stimulated  by  All,  and  this  activity  wlHs  found  to  be  refractory  to  PT  prttreatment. 
Studies  with  ['^^]NAD  revealed  a  4(^41  kDa  band  that  was  sptcifically  ADP-ribosylated  in  the 
presence  of  the  toxin;  Immunoblot  studies  Indicated  that  this  protein  was  not  the  o  subunit  of  N  . 
These  results  are  consistent  with  a  model  In  which  low  concentrations  of  All  (<  10  nH)  couple  tRe 
All  receptor  to  a  PT-lnseosltlve  guanine  nucleotide  binding  protein  (N  )  that  activates  polyphos¬ 
phoinositide  hydrolysis  and  stimulates  steroid  production.  Furthermore,  SRIF  or  high  concentra¬ 
tions  (>  10  oM)  of  All  activate  N  and  causa  partial  inhibition  of  the  aldosterone  response  eli¬ 
cited  by  physiological  All  concentntions. 


N-PROTCIN-MEOIATEO  INHIBITORY  EFFECT  OF  OPIATES  ON  VOLTAGE-OEPENOENT  CALCIUM  CHANNELS  IN 
NEUROBLASTOMA  X  GLIOMA  HTBRIOS .  O.Hescheler,  N.Rosenthel,  W.Trsutweln.  and  G. Schultz. 

II.  Physiol ogisches  Instltut.  UniversltBt  des  Sssrlandes.  D-6650  Homburg/Saer ,  F.R.G.,  and  Instltut 
fur  Pharmakologie.  Freie  Unlversitdt  Berlin.  0-1000  Berlin  33,  F.R.G. 

In  neuroblastoma  x  glioma  hybrid  calls  (106CC15.  NxG  calls),  opiatas  and  o^-adranargic  agonists 
causa  adanylata  cyclasa  inhibition,  prasumably  via  N. .  tha  inhibitory  N-protaln.  N.  and  N  .  an> 
other  N^rotain  with  unknown  function,  ara  substrates  or  B.  pertussis  toxin  (PT)  in  NxG  cells.  Ef¬ 
fects  of  opiatas  and  o^ -adrenergic  agonists  on  voltaga-dapendant  calcivm  chaqnels  were  studied  in 
differentiated  NxG  cells,  using  tha  whole  cell  clamp  technique  with  10.8  iti  Ba^*  as  charge  carrier. 
OMla  .0-Leu  -enkephalin  (OAQLE)  concentration-dependently  reduced  the  calcium  currant  (1.  ). 
Maximal  and  almost  conplate  inhibition  of  1.  was  seen  with  1  OAOLE.  whose  effect  was  half-m«i- 
mal  between  10  and  100  Morphine  (lO-lOO^pM)  and  adraoalina  (10-100  pM)  plus  propranolol  (10  pM) 
had  smaller  inhibitory  effects  on  I  .  carbachol  (10-100  j#1)  was  without  affect.  Tha  DADLE  effect 
was  rapidly  reversed  by  washing  or^Sy  additiort  of  naloxone  (10  pH).  Intracellular  application  of 
GTPvS  (10-100  through  the  patch  alactroda  mimicked  tha  DAXE  affect.  Tha  effect  of  OAXE  but  not 

that  of  GTPvS  was  blocked  by  about  90X  by  pre treatment  with  PT  (200  ng/ml)  for  several  hours.  The 
DAXE  affect  on  I.  in  PT-traated  calls  was  restored  by  intracellular  application  of  N.  and  N 
purified  from  porcine  brain;  tha  ot-subunit  of  N  was  more  potent  than  N.  in  restoring  the  OAOL^ 
effect  on  I.  .  These  data  indicate  that  PT-«ansftiva  N-^rotains.  most  likely  N  .  ara  involved  in 
functional  coupling  of  opiate  receptors  to  voltage-dependent  neuronal  calcium  channels. 
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icmmoa  at  pbospholipasb  c  n  rubit  flatblet  hborahbs  bt  otpits  or  bt  thrombir  rhd  otp. 

J.  r.  Hrhollah.  H,  «iwi  ».  J.  Dapt.  of  Pattelogp.  MoMaatar  Oiilv.,  Haallton.  Oat..  Canada. 

Rabbit  platalata  vara  laballad  Mlth  [^Bllaoaltol  and  Ijraad  bp  fraaalag  and  tbawlns  in  100  M  KClt 
25  M  Hapaa  (pH  7. bit  2.5  aM  ROTA,  1  aM  MsATP  and  0.5  bM  Hg^^frae-  ^  nanbrana  fraotlon  waa  waabad 
tHloa  at  b^C  In  thla  aadlun  ainua  KCl  and  waa  finally  raauapanded  In  nedlua  with  ECl.  Sanplaa  ware 
Inoubatad  for  10  nln  at  25**C.  Addition  of  CaClj  to  give  0.1  pH  Ca^^fpgg  led  to  tba  fomatloo  of 
(^llnoaltol  aonopboaptaata  (IP)  and  blapboapbata  (IP2)  In  a  ratio  of  about  1:5.  Purtbar  addition  of 
10  viM  OTPyS  looroaaad  IP  about  3-fold  and  IP2  about  5-fold.  Llttla  (^HJlnoaltol  trlapboaptaata 
(IP3)  aoouaulatad  (<10(  of  IP2>i  awan  whan  unlaballad  IP3  waa  addad.  OTPyS  waa  Inaffaotlva  In  tba 
abaanoa  of  Ca^'^.  Ralf-aaxlaal  affaota  wara  obaarwad  with  0.3  pH  OTPyS.  Maaaureaant  of  tba  In 
■aabrana  phoapbatldyllnoaltol  (PI),  pboapbatldpllnoaltol  b-pboaphata  (PIP)  and  pboapbatldpllnoaltol 
bt5-blapboaphata  (PIP2)  ga*a  Initial  ratloa  of  9:3:1  and  denonatratod  a  30(  Inoraaaa  In  PIP2  In 
oontrol  Inoubatlona.  Addition  of  10  pH  OTPyS  pravantad  tbla  looreaaa  In  PIP2  and  lad  to  a  201 
daoraaaa  In  PIP.  OTP  (1-100  pH)  alao  Inoraaaad  IP2  fomatlon  but  oiU.p  to  tba  layal  obaarvad  with 
0.2  pH  OTPyS.  Tbronbln  (2  unlta/nl)  Induoad  only  anall  Ineraaaea  In  IP2  in  tba  abaanoa  of  addad  OTP 
but.  in  tba  praaanea  of  ^10  pH  OTP  inoraaaad  IP  and  IP2  to  tba  aana  axteat  aa  10  pH  OTPyS.  Synarglaa 
waa  alao  obajrwad  batwaan  throiftln  and  0.1  pH  OTPyS.  PIP  waa  again  tba  najor  aouroa  of  IP2;  llttla 
IP3  waa  fomad.  Tba  affaota  of  tbronbln  In  t>M  praaanoa  or  abaanoa  of  OTP  and  of  OTPyS  warn 
Inblbltad  by  bOO  pK  OOPgS.  Tba  raaulta  Indloata  that  a  0-protaln  nadiataa  tba  activation  of 
pboaphollpaaa  C  by  tbronbln  In  tba  platalat  and  auggaat  that  PIP  la  a  najor  aubatrata  of  thla  anayna. 

Supportad  by  tba  Hadloal  Raaaaroh  Council  of  Canada  and  tba  Haart  and  Stroica  Foundation  of  Ontario. 


99  THE  &y  SUBUNITS  OP  TRAMSDOCM  ACTIVATE  AND  THE  a  SUBUNIT  INHIBITS  PHOSPHOLIPASE  A,. 

C.L.  JelaaBM  euid  J.  Axelrod.  ND«,  Bethesda  HD  20892. 

Tranaducin  (Td),  the  major  (JTP-tolnding  protein  (G  protein)  of  the  retina,  has  been  demonstrated 
to  couple  photoexcitation  of  rhodopsin  to  activation  of  phospholipase  A-  (PLA-)  in  rod  outer  segments 
(R06)  of  bovine  retina  (Jelseraa,  Fed.  Proc.  45,  1560),  as  measured  by  liberation  of  arachidonate  from 
phosphatidylcholine  in  in  vitro  assays  of  PLA..  Loss  of  Td  from  daric-adapted  ROS  menbranes  was 
acoongianied  by  loss  of  tTght-activated  PU-  wftereas  addition  of  purified  Td  to  Td-depleted  ROS 
partially  restored  the  lig)it-stimulated  PI^  activity.  Addition  of  GTOyS,  which  mimics  the  light- 
induced  dissociation  of  Td  into  subunits,  also  increased  PLA-  activation  associated  with  t))e  addition 
of  exogenous  Td  to  Td-depleted  ROS.  Pertussis  toxin  pretreacment  of  Td,  which  prevents  subunit 
dissociation,  also  prevented  pla,  activation  by  Td.  These  results  indicate  a  requirement  for  subunit 
dissociation  in  the  Td-mediated  activation  of  PLA-.  To  examine  the  role  of  the  individual  Td  subunits 
in  modulation  of  PLA-,  purified  Td  was  obtained  by  (TIP-extraction  of  purified,  light-activated  ROS  and 
tlw.a  andjBy  suljunits  were  separated  by  two  different  methods  following  activation  of  pure  Td  with 
Al’^,  Hg^,  and  Pl”,  The  isolated  suJxuiits  were  then  added  to  either  Td-depleted,  daric-adapted  ROS 
or  to  soluble  snaKe  venom  PLA-.  Addition  of  the  isolated  a  or  By  subunits,  prepared  by  either 
inet)K3d,  were  each  found  to  stlmlate  the  PLA,  activity  of  both  Td-depleted  ROS  and  the  soluble  enzyme. 
The  a<±ivati(xi  associated  with  t)ie  By  subunits,  however,  was  cxxisistently  3  to  5  times  the  activation 
associated  with  the  isolated  a  subunit.  Addition  of  the  o  and  By  subunits  together  inhibited  the 
stijiulation  observed  with  tlie  individual  subunits.  This  inhibition  was  prevented  by  addition  of  CTTPys 
and  en>ian(»d  tiy  pretreatment  with  pertussis  toxin.  These  results  suggest  a  stimulatory  role  for  the  8y 
subunits  of  Td  and  an  inhibitory  role  for  the  a  subunit  in  the  modulatlcxi  of  PLA^. 


'V"  IMMUNOCYTOCHEHICAL  DISTRIBUTION  OF  CaM-DEPENDENT  PHOSPHODIESTERASE  IN  RAT  BRAIN: 

EVIDENCE  FOR  SELECTIVE  EXPRESSION  AND  TRANS-SYNAPTIC  REGULATION.  R.  L.  Kincaii)*,  C.  D.  Balaban*, 

M.  L.  Billingsley**.  *NHLBl,  NIH,  Betheada.  MD.,  Depts.  of  *Anatoiiiy  and  **PharinacoIogy. 

Pennaylvania  State  University,  Hershey,  PA. 

Antibodies  to  bovine  brain  CaM-dependent  cyclic  nucleotide  phosphodiesterase  (PDE)  were  raised 
in  rabbits  and  further  purified  by  affinity  chromatography  on  Protein-A  Sepharose  and  PDE-Sepharose * 
These  were  characterized  by  imnunoprecipitat ion ^  solid-phase  assays  (ELISA),  Western  blot  and  iimnuno- 
affinity  chromatography  analyaia  to  be  specific  for  the  CaM-dependent  form  of  PDE;  no  cross¬ 
reactivity  to  other  phosphodiesterases,  CaM-binding  proteins  or  cytosolic  brain  proteins  was  seen. 
Enzyme  activity  could  be  removed  from  brain  supernatant  by  immunoadsorpt ion  and  quantitatively 
recovered  in  the  pellet.  Imnunolocalization  in  rat  brain  demonstrated  very  high  concentrations  of 
PDE  in  dendritic  fields  of  cerebellar  Purkinje  cells,  as  well  as  pyramidal  cells  in  cerebral  cortex 
and  hippocampus;  some  areas  such  as  hypothalamus  showed  very  little  immunoreact ivity.  These  data 
suggest  selective  expression  of  this  enzyme  in  major  output  neurons  of  the  central  nervous  system, 
many  of  which  exhibit  Ca  and  cyclic  nucleotide-dependent  electrophysiologic  responses.  Furthermore, 
selective  pharmacologic  lesions  of  climbing  fiber  input  to  Purkinje  cells  result  in  a  virtually 
complete  loss  of  insnunoreact ivity  in  the  dendrites,  while  not  affecting  that  in  other  brain  regions. 
Immunoblot  analyaia  of  whole  cerebellun  after  such  treatment  indicated  a  decrease  of  >  75Z  in  PDE 
content*  These  findings  are  consistent  with  trans-aynaptic  control  of  PDE  expression  in  these 
neurons  and  suggest  a  role  for  the  enzyme  in  intraneuronal  integration. 
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CmRACTERlIAnON  OF  fM>R01EIN  SUBUNITS  BY  TWO-OIHENSIONAL  GEL  ELECTROPHORESIS  (20>-PAGE)  . 
D.  Ko«tling«  H.  PallMt.  C.  Kl«u»s  and  W«  Roaanthal. 

Infttltut  fOr  Pharmakologla.  Fr«l«  UnlvarsltKt  Barlin,  0-1000  Barlln  33.  F.RUf. 

In  human  nautrophll  laukocytaa  (PHNt).  partussis  toxin  (PT}-sansltivt  N-protalna  ara  Involvad  in 
tranamambranous  signalling  batwaan  tha  racaptor  for  chamotactic  paptidas  and  various  affactor  systams 
including  phospholipasa  C  (PLC)»  Tha  PT-sansitivity  of  tha  PHN  N«protaln  involvad  in  PLC  stimulation 
is  in  contrast  to  othar  tissuas  whara  PLC  is  spparantly  ragulatad  by  a  PT-lnsansitiva  N-^rotain.  Wa 
comparad  tha  PT  subtratas  iQ.martbranas  of  PMNs.  human  arythrocytas  (RBCs)  and  human  platalats.  Mam- 
branas  wara  incti»atad  with  ^^P-MAO  and  PT  and  consaquantly  analyzad  by  20-PAGE.  Radiolsballad  pro- 
tains  wara  visualizad  by  autoradiogr^hy .  In  all  3  tissuas.  a  major  PT  substrata  of  40  kOa  and  a  pi 
valua  of  about  5.3  was  idantifiad.  Only  In  PMN  mambranas.  a  sacond  major  PT  substrata  of  40  kOa  with 
a  pi  valua  of  about  5.4  was  obsarvad.  Comparad  to  tha  mora  acidic  substrata.  Lubrol  PX  and  6^«complax 
ovarproportionally  incraasad  incorporation  of  radioactivity  into  tha  PHN-spacific  paptlda.  Wa  con- 
cluda  that  PHN  laambranas  contain  a  call-spaciflc  PT-sansitiva  N-protaln.  -  Wa  also  usad  20-PAGE  for 
tha  charactarizatlon  of  N-^rotain  8-subun<^s.  B-Subunlts  wara  datactad  by  isMunoblotting .  using  an 
antisarum  against  transducin  (TO),  which  racognlzad  all  TO  subunits  and  cross^aactad  with  tha  36  kOa 
B-subunit  of  N  .  N  and  N  *  N-protains  purifiad  from  porcina  brain  and  cruda  cholata  axtracts 
of  brain  and  RBC^mambranas  wa^a  tastad.  In  praparations  of  purifiad  or  N  and  in  th#  cruda  ax¬ 
tracts  from  both  tissuas.  two  Immunoraactlva  paptidas  of  36  kOa  wara  idanufiad  which  diffarad  in 
thair  pi  valuas  by  0.15  pH  units.  Tha  occuranca  of  differant  36  kOa  6-subunlts  may  ba  axplainad  by 
posttranslational  modification. 


102  PBOTBIN  KINASES  AND  PROTEIN  PHOSPHATASES  AS  REGULATORY  ENZYMES  FOR  CALCtUH  TRANSPORT 

IN  CARDIAC  SARCOPLASMIC  RETICULUM.  E.G.  Kranlaa.  E.A.  Dovla  and  J.  Di  Salvo,  Unlv. 
of  Clnclnoatl  Collage  of  Hadicina,  Cincinnati,  OH  4S267-OS73. 

Calcium  transport  by  cardiac  aarcoplaamlc  reticulum  (SR)  appears  to  be  regulated  through  phosphory¬ 
lation  of  phoapholamban ,  a  24,000  dalton  polymeric  proteollpld,  Phoapholaaban  la  phoaphorylated  by 
cAMP-dependent  protein  kineae  and  by  an  endogenous  Ca^**‘*calaodulln(CAH)-dependent  protein  kinase  uHich 
is  regulated  by  calcium  concentrations  similar  to  those  occurring  Intracellularly  during  contraction 
and  relaxation  of  the  cardiac  muscle.  Phosphorylation  of  phoapholaaban  by  cAMP-dependent  or  by  Ca^'*"- 
CAM-dependent  protein  klnaae  la  aaaoclated  with  Increased  rates  of  calcium  transport,  which  reflects 
an  Increased  affinity  of  the  transport  protein  for  calcium.  Phosphorylation  of  phoapholaaban  by  cAMP- 
dependent  and  Ca^'*’ •CAM-dependent  protein  kinaaea  occurs  In  an  independent  manner.  The  stimulatory 
affects  of  tha  two  protein  kinaaea  on  the  calcium  pump  may  be  revetted  by  en  endogenous  protein 
phoaphetaae  activity.  Dephoaphorylatlon  of  phoapholamban  results  in  a  reduction  of  the  stimulation  on 
calcium  transport  produced  by  the  protein  kinaaea.  Rephosphorylation  of  phoapholamban  by  protein 
kinases  causes  full  recovery  of  the  stlswlatlon  on  celcium  trensport  and  reversal  of  tha  affects 
mediated  by  the  protein  phoaphetaae.  the  phoapholamban  protein  phoapbataae  may  be  solubilised  from 
cardiac  SR  membranes  by  Triton  X-100  and  subsequently  purified  by  chromatography  on  Mono  Q  HR  S/S  and 
polylyaine  agarose  colmms.  Vhen  subjected  to  sucrose  density  centrifugation  the  SR  protein  phospha¬ 
tase  appaara  to  have  a  Mr  of  46,000.  These  findings  Indicate  that  the  calcium  pomp  In  cardiac  SR  Is 
under  reversible  regulation  by  protein  klnaseis)  and  protein  phoaphatase(s).  Such  regulation  may 
represent  an  Important  control  machantam  for  the  myocardium.  (Supported  by  NIH  grants  RL  260S7,  HL 
22619  and  RL  20196). 


103  INSULIN-DEPENDENT  PHOSPHORYLATION  OF  G  PROTEINS  IN  PHOSPHOLIPID  VESICLES  by  J. 

KruDinskI,  M.  Lakonishok.  J.  Benovic,  and  R.  Cerlone,  Cornell  U..  Ithaca.  NY  14853.  Duke  UT. 
BurhiarHC  27710. 


We  have  1nve$tl9ated  the  Involvenent  of  GTP  binding  proteins  (G  proteins)  In  Insulin  action  by 
co-reeonstituting  tyrosine  agarose-purified,  or  Insulln-sepharose  purified,  Insulin  receptors  and 
G  proteins  Into  phospholipid  vesicles.  When  pertussis  toxin  sensitive  G  proteins  froai  bovine 
brain  (G.  and  G  )  are  used  In  the  co-reconstitution,  an  Insulln-stimlated  phosphorylation  of  the 
a  (a.  and  a  )  aM  y  subunits  of  the  heterotrlaerlc  6  proteins  results.  Under  optimal  conditions 
this  phosphorylation  Is  equal  in  extent  to  the  Insulin-stimulated  phosphorylation  of  the  receptor 
Itself.  However,  while  most  of  the  receptor  phosphorylation  occurs  at  a  tyrosine  residue,  this 
Is  not  the  case  for  the  phosphorylation  of  the  G  proteins,  suggesting  the  involvement  of  another 
kinase  which  Is  present  In  the  tyrosine  agarose  preparations.  The  insulin-promoted 
phosphorylation  of  the  G  proteins  requires  their  co-tnsertlon  with  insulin  receptors  Into  lipid 
vesicles,  I.e.  little  or  no  phes^orylatlon  occurs  when  these  proteins  are  simply  mixed  In 
detergent  solution.  Moreover,  the  Insulin-promoted  phosphorylation  appears  to  be  specific  for  G, 
or  G  i  other  heterotrlmeric  GTP  binding  proteins  such  as  G  or  transducin  are  poor  substitutes  In 
the  vesicles.  The  G  proteins  cause  an  enhancement  of  the*1nsu11n-st1mu1ated  autophosphorylatlon 
of  the  purified  receptor.  This  enhancement  Is  In  part  a  reflection  of  an  Increased  incorporation 
of  the  Insulin  receptor  Into  lipid  vesicles  (induced  by  the  G  proteins).  Taken  together,  these 
studies  provide  evidence  for  the  Interactions  of  GTP  binding  proteins  with  the  Insulin  receptor 
In  a  lipid  milieu. 
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EFFECT  OF  FEETUSSIS  TOTIE  Olt  TIE  PHOSPHODICSTEIUTIC  CLEAVAGE  OF  THE  POLTPHOSPHOINOSITIOES 
BY  GUAMOSINE  $'-O-THI0TRIPH0SFHATE  AND  THROMBIN  IN  PEHCABILIZED  HUMAN  PLATELETS.  Eduardo  G. 
Lapttlna.  Departaant  of  Holaoular  Biology,  Tha  Hallooaa  Raaaaroh  Laboratorlaa,  Burrougha 
HalloOM  Co.,  Raaaaroh  Trlangla  Park,  North  Carolina  17709,  U.S.A. 

Paraaabiliaation  of  huaan  platalata  with  15  to  BS  Mg/al  aaponln  allows  AOP-ribosylatlon  by 
partussis  toxin  of  tha  a^-aubunit  of  Cj  (N^),  a  guanlna  nueleotida-binding  ragulatory  protein.  He 
have  used  the  saae  assay  conditions  to  deteralne  phospholipase  C  in  peraeablllzed  platelets. 
Guanosine  5 ' -0-thlotriphoaphate  (GTPvS)  activated  phospholipase  C  in  paraeabilized  platelets  whose 
inositol  phospholipids  were  prelabeled  with  (3H]lnositoi.  I^sphollpase  C  activity  was  neasured  by 
[3H]polyphoapholnositide  decreases  and  foraation  of  [^HJinositol  blsphoaphate  and  [^HJinositol 
trlsphosphate.  Prostacyclin,  cyclic  AMP  or  pretreataent  of  peraeabillzed  platelets  with  pertussis 
toxin  did  not  alter  this  effect  under  conditions  in  which  the  a^-subunlt  was  effectively  ADP- 
ribosylated  by  pertussis  toxin.  This  inforaatlon  indicated  that  AOP>rlbosylatlon  and  inactivation 
of  Ci-protein  was  not  dlreotly  related  to  activation  or  inhibition  of  platelet  phospholipase  C  by 
GTPtS.  Throabin  also  activated  phospholipase  C  in  peraeablllzed  platelets  and,  surprisingly,  this 
action  was  enhanced  by  enhanced  by  pertussis  toxin  pretreataent.  This  indicates  that  inactivation 
of  Gi-proteln  facilitates  the  action  of  throabin  on  phospholipase  C. 


BTIHULATIOH  OF  HUMAN  PUTELETS  WITH  TRYPSIN,  THROMBIN  AND  COLLAGEN  INHIBIT  THE  PERTUSSIS 
TOXIN-INDUCED  ADP-RIB06YLATI0N  OF  A  41,000  DALTON  PROTEIN.  Eduardo  G.  Upetina,  Bryan  Reep,  and 
Ewen-Jen  Chang.  Molecular  Biology  Departaant,  Burroughs  Hellooae  Co.,  Research  Triangle  Park,  NC 
27709 

Peraeabllixatlon  of  huaan  platelets  with  15-25  Mg/al  saponin  allows  the  deteralnation  of  the 
ADP-rlbosylation  of  a  41,000  daltm  protein  by  pertussis  toxin.  The  ADP-rlbosylated  protein  is 
present  in  the  particulate  fraction.  ADP-ribosylation  of  the  41,000  dalton  protein  increases  for 
20  Bin;  it  ^  not  affected  by  Indoaethacin,  prostacyclin,  and  1,2-diacylglycerols,  and  is  inhibited 
by  1  sM  Ca2^  and  phorbol  esters.  The  stiaulatlon  of  platelets  with  TPCK-trypsin,  throabin  or 
oollagen  before  saponin  addition  precludes  subsequent  pertussis  toxin-induced  ADP-rlbosylation  of 
the  41,000  dalton  protein.  Tlw  affect  of  TPCK-  trypsin  and  throabin  is  blocked  by  protease 
inhibitors  such  as  soybean  trypsin  inhibitor  and  leupeptin.  TPCK-trypsin  proteolytically  cleaves 
the  ADP-rlbosylated  41000  dalton  protein  to  an  ADP-ribosylated  fragaent  slightly  saaller  than  20000 
dalton.  The  results  suggest  that  a  aodlflcatlon  of  a  guanine  nucleotide-binding  regulatory  protein 
is  asaooiated  with  the  action  of  TPCK-trypsin,  throabin  and  oollagen  on  platelet  activation. 


106  G  PROTEINS  MEDIATE  MULTIPLE  mHIBITORY  ACTIONS  OF  SOMATOSTATIN  IN  ATT-20  CELLS. 

Ijiini.  A.  Axelrod,!.  Md  Lewis,  D.NIAA,  Rockville,  MD  20852  and  NIMH,  Betheida,MD2(nn. 

OpialBS,  OABA,  nandrenaliiie,  ace^lcboline  and  Mmatostatin  all  act  on  receptors  that  inhibit  neurotransiiiitter  or  hormone 
seoctiML  To  study  the  mechanism  of  action  somatostatin  ,  the  use  of  a  secretory  clonal  cell  line  (AtT-20)  amenable  to 
bncheniical  and  electropliyskilogical  studies,  has  been  advantageous.  AtT-20  ceU  secrete  ACTH  in  leqwnse  to  an  mtiacellular 
increaae  of  cAMPandtarcaldiim.  The  inlHliition  of  adenylate  cvclsse  vis  a  GTPbindineprreriii  rrai «  «.  .ir^dy 
of  somatoatatin.  Here,  we  show  two  other  sepsizie  mechanisms  of  somstnmrin  both  involving  a  O  pmfan.  One  is  the 
mhihitinn  of  »nit»«e  doHeiwiMt  esirnim  rhsnneixr  b  whole  Cell  patch  damp  experiments,  somatostatin  reduced  the  voltage- 

dependent  calcium  cunenL  The  intiacellularfiwe  calcium  concentrations  (meiaured  by  the  Quin-2  technique)  were  also  reduced. 
Treauiient  of  the  cells  with  peituasis  toxin,  which  AIX>  ribosylates  the  OTP  binding  proteins  Gi  and  Oo,  thereby  presumably 
inactivating  them,  abolished  the  action  of  somatostatin  on  both  cakhun  cuirent  and  intracelhilar  fine  caldom.  Intncellular 
■pplicatioB  of  the  aonhydrolyzable  guanine  nudeotide  analog  GTPS,  which  ineveisibly  activates  O  proteins,  changed  the 
sotnntoststin  effiect  on  calcium  cunent  fiom  a  reveniUe  to  an  incveisible  inhibition.  Intncelhilar  GTPS  aim  caused  a  very 
slowHdevBlo|iiaginhibilion  of  calcium  curreat  ThedftctofGlTSootheinhibitionofcaldumcunentby  somatostatin  was 
not  aUered  by  die  intracellular  appUcatioo  of  cAMP  and  IBMX.  These  results  suggest  that  a  GTP-binding  protein  it  directly 
involved  in  the  cAMP-fasdependeaLreccptor-mediMedinliibition  of  voUage-dependem  calcium  chsmiek.  A  Mennd  mecluniMn  i« 

icliiliitina  the  ACIH  cmemntic  msrhmrrv ;  .SnmWnsIstin  rednciiH  l-y  - - uy-- 

theireftetoo  cytosolic  calduffl.  This  actioo  of  somatostatin  was  not  changed  by  large  concentrations  of  cAMPanalogt  and  it 
waaaboliahed  by  pertuasit  toxin.  In  cells  petmabUized  with  digitonin,  calcium  dependent  secretion  wm  inhibited  by  somMostmin 
and  the  inhibitian  was  GTT  dependent  In  summary,  sotnatoataiin  reoepton  inhibit  adenylate  cyclase,  voltage  depm^  calcium 
channels  and  an  m  yet  unknown  siep  of  the  secretion  procesa,  all  via  a  GTPbini^  protein. 


DtflJHOLOGlCAL  IDENTIPICATIOII  OP  THE  MAJOR  PLATELET  LOW  Ktt  cANF  PHOSPHODIESTERASE:  A  TARGET 
FOR  AnX-THROHBOTlC  AGENTS  AMD  cAMP-DEPENDENT  PHOSPHORYLATION.  C.H.  Macphee,  S.A.  Harrison,  D.H. 
Rftifsnpder,  and  J.A.  Bcavo.  Departaent  of  Phanuicology ,  University  of  Washington,  Seattle,  UA  9819S 

A  novel  low  Km  cAMP  phosphodiesterase  (PDE)  has  recently  been  purified  in  our  laboratory  fron 
bovine  heart  (Harrison  et.  al..  Mol.  Phaxaacol*  29,  506-514,  1986).  This  enzyae  has  been  designated 
as  cCMP-lnhlblted  PDE  since  low  concentrations  of  cGMP  Inhibit  (Rl*60nM)  cANP  hydrolysis.  Western 
blot  and  ensyne  activity  analyses,  using  nouse  antiserisB  and  nonoclonal  antibodies.  Indicated  that 
■ore  than  90E  of  the  total  low  1^  cAMP  PDE  activity  In  bovine  and  hunan  platelets  resided  In  a  single 
llOKDa  peptide  which  was  Isunologlcally  and  structurally  Indistinguishable  from  the  recently 
purified  heart  ensyae.  This  platelet  PDE  was  found  to  be  extremely  susceptible  to  proteolytic  acti¬ 
vation  resulting  In  the  formation  of  80KDa  and  60EDa  fragments.  In  addition,  several  known  PDE 
Inhibitor  compounds  which  have  been  found  useful  In  Inhibiting  platelet  aggregation  also  Inhibited 
the  platelet  low  Km  cAMP  PDE  with  potencies  very  similar  to  their  anti-thrombotic  effects.  Cllosta- 
■Ide,  Ro  15-2041,  milrinone,  papaverine,  UMX,  and  theophylline  Inhibited  the  llOKDa  platelet  enzyme 
with  I.C.cQ  values  of  0.04,  0.13,  0.46,1.4,  2.6,  and  llOpM,  respectively.  Since  both  the  heart  and 
platelet  llOKDa  PDE  can  be  phosphorylated  in  vitro  by  cAMP-dependent  kinase  we  atte^>ted  to  phos- 
phorylate  the  enzyme  In  fresh  Intact  hman  platelets  prelabelled  wlth[32p]-po^.  Specific  Immunoad- 
sorbtlon  of  the  platelet  PDE  xislng  solid-phase  antibody  reagent  demonstrated  that  PGE^^,  an  agent 
which  elevates  platelet  cytosolic  cAMP  levels,  promoted  the  rapid  (<lMln.)  and  dose-dependent  phos¬ 
phorylation  of  the  llOKDa  PDE  in  intact  human  platelets. 


PURIFICATION  OF  A  KEN  CTP-BINDINC  PROTEIN  FROM  BOVINE  BRAIN.  M.W.  Martin,  G.L.  Waldo, 

T«  Evens,  J.K.  Northup,  and  T.K.  Harden.  Dept,  of  Pharmacology,  Univ.  of  North  Carolina  School  of 
Medicine,  Chapel  Hill,  N.C.  and  Dept,  of  Pharmacology  and  Experimental  Therapeutics,  Univ.  of  Cal¬ 
gary,  Calgary,  Alberta,  Canada. 

A  protein  that  binds  guanine  nucleotides  with  high  affinity  was  purified  from  cholete  extracts 
of  bovine  brain  membranes  by  sequential  DBAE-Sephacel,  Ultrogel  ACA-34,  heptylamine-Sepharose,  and 
Sephadex  G-150  chromatography,  ^otoaffinity  labelling  with  (^-'^^P)-6-azido-CTP  indicated  that  the 
GTP-binding  activity  of  the  protein  is  associated  with  a  25»000  dalton  peptide  alpha  subunit.  The 
alpha  subunit  copurified  with  35  end  36  kilodalton  peptides  that  were  Immunologically  and  electro- 
phoretically  indistinquishable  from  the^aubunits  of  known  GTP-binding  proteins.  The  purified 
protein  specifically  bound  17«2  nmol  of  ^^S-GTPPS  per  mg  protein  with  high  affinity  {Kd  ■  15  nM), 
i.e.  one  mole  of  GTPPS  was  bound  per  mole  of  native  protein,  assuming  an  Nr  of  67,000.  The  protein 
is  not  a  substrate  for  ADP-ribosyiation  by  either  pertussis  or  cholera  toxins.  The  protein  puri¬ 
fied  from  brain  comigrated  on  SDS-polyacrylaside  gels  with  the  GTP-binding  protein,  Gp,  recently 
purified  from  human  placental  membranee  by  Bvane,  et  al.  (J.Biol.Chem.  261 :7052,  1966)  and  cross- 
reacted  on  Western  blots  with  polyclonal  antibodies  raised  against  platelet  Gp,  but  not  with  anti- 
bodiee  raised  to  brain  Go.  The  functional  activity  of  this  protein  is  under  investigation. 
Supported  by  USPKS  Grants  GM29556  and  NS23019> 


109  cDNA  CLONING  OP  THE  GTP  BINDING  PROTEIN,  ^1,  AND  OF  A  NOVEL  G  PROTEIN,  ah-  T.  Michel 

J.W.  Winslow^,  J.A.  Smlth^,  J.G.  Seldman^  and  E.J,  Ncer^,  ^Cardiovascular  Division, 

Brighu  uid  Woa«i'.  Hospital;  ^Oept.  Holecul.r  Biology  and  Pathology,  Ha.s.chusetts  Coieral  Hospital; 
and  Depta.  of  iHellclne.  ^Pathology  and  ^Genetics,  Harvard  Medical  School,  Boston,  Massachusetts. 

Signal  transduction  by  receptors  In  biological  Benbranes  la  nodulated  by  a  fanlly  of  related  GTP 
binding  proteins  (G  proteins).  A  41  bDa  G  protein,  at,  la  Inpllcated  In  signal  transduction  by  recep¬ 
tors  coupled  to  adenylate  cyclase  Inhibition  and  by  receptors  which  nodulate  Ca++  flux  and  phospho- 
Inosltlde  netabollsn.  We  have  detemlned  the  amino  acid  sequence  of  peptides  Isolated  from  the  al 
protein  and  from  a  related  39  kDa  protein,  oo.  ^oth  proteins  purified  from  bovine  brain.  The  amino 
acid  sequences  of  these  peptides  show  homology  with  one  another,  and  show  75!!  sequence  identity  with 
the  reported  sequences  of  the  G  protein  transducln  (at).  Based  upon  this  striking  sequence  homology, 
we  used  the  cDHA  for  at  to  screen  a  bovine  pituitary  library,  at  low  hybridisation  stringency,  and 
we  have  Isolated  and  characterized  a  cDNA  clone  which  encodes  al*  The  deduced  amino  acid  sequence 
of  the  al  clone  demonstrates  marked  homology  to  several  other  GTP  binding  proteins.  Southern  blot 
snalysla  of  the  cloned  at  cDHA  suggests  the  presence  of  two  genes  encoding  this  protein,  which. 

In  turn,  are  distinct  from  those  encoding  other  G  proteins.  In  addition,  we  Identified  a  cDHA  clone 
for  a  novel,  putative  G  protein,  ah,  which  demonstrates  narked  sequence  homology  with  other  G  pro¬ 
teins,  but  which  represent,  a  clearly  diatlnct  gene  product.  Taken  together,  these  data  suggest  a 
new  level  of  complexity  In  the  organliatlon  of  the  G  protein  mpergene  family,  with  multiple  G  pro¬ 
teins  of  similar  overall  structural  and  mechanistic  properties  likely  to  be  identified  as  products 
of  distinct  genes. 


no  MEMBRANE  FLUIDITY  GOVERNS  THE  RECONSTITUTION  OF  GTP  SENSITIVE  ADENYUTE  CYCLASE  ACTIVITY. 

Dianne  L.  Newton  and  Wemer  A.  Klee,  Laboratory  of  Molecular  Biology,  NHW,  Bethesda,  MD 
The  role  of  membrane  fluidity  in  the  interactions  among  adenylate  cyclase,  the  GTP>binding  regula¬ 
tory  proteins,  and  the  opiate  receptor  has  been  studied  by  reconstitution  of  these  proteins  in  phos¬ 
pholipid  vesicles  of  varying  composition.  Adenylate  cyclase  was  purified  from  rat  brain  Btembranes  by 
a  combination  of  forskolin  or  calmodulin-agarose  and  wheat  germ  agglutinin-agarose  affinity  chromato¬ 
graphy.  The  GTP-blnding  regulatory  proteins  were  purified  from  rabbit  liver  and  bovine  brain  by 
published  procedures  (Stemwels  et  al.,  J.  Biol.  Chem.  256,  11517  (1981);  Milligan  and  Klee,  J.  Biol. 
Chem.  260,  2057  (1985).  Reconstitution  into  phospholipid  vesicles  was  accomplished  by  dialysis.  (TTP 
insensitive  stimulation  of  adenylate  cyclase  by  G9  and  its  inhibition  by  Gi  was  observed  with  lipids 
of  relatively  low  fluidity,  such  as  asolectin  and  dipalmitoylphosphatidyl  choline  (DPPC).  The  GTP 
insensitive  stimulation  by  Gg  is  enhanced  by  aluniniin  fluoride  and  is  inhibited  by  G^  and  the  Ry  sub¬ 
unit  of  transducin.  Thus,  t^  activity  of  Gg  in  lipids  of  low  fluidity  reflects  the  presence  of  bound 
GDP  which  is  not  readily  exchangeable  with  GTP  under  these  conditions.  However,  GTP  analogues  do 
stimulate  Gg  and  Gi  activities  when  lipids  of  greater  fluidity  are  used  in  the  reconstitution.  Thus, 
dimyristoylphosphatldyl  choline  (DHPC)  and  lecithins  containing  fatty  acid  moieties  of  10  and  12 
carbons  in  length  support  Gg  and  Gi  activities  which  are  stimulated  by  GTP  analogues.  Addition  of 
cholesterol,  which  is  expected  to  decrease  the  fluidity  of  the  lecithins  and  increase  that  of 

DPPC,  decreased  GppNHp  stimulated  activity  with  the  short  chain  lipids  and  did  not  affect  activity  with 
DPPC.  Cholesterol  increases  the  (TTP  Independent  activity  of  Gg  when  the  0^2  lecithin  is  used.  Thus, 
the  GppNHp  sensitive  activity  of  Gg  requires  a  highly  fluid  membrane  environment,  whereas  the  activity 
of  the  GDP-Gg  complex  is  optimal  with  lipids  of  intermediate  fluidity. 


Ill  BINDING  SITES  FOR  [3h)FORSKOLIN  IN  MEMBRANES  FROM  RAT  HEART,  LUNG,  KIDNEY  AND  LIVER: 

Their  Regulation  by  GppNHp.  Seanon  end  £.A.  Nelson  Center  for  Drugs  and  Biologies 

FDA  Bethesda,  MD  20892 

A  survey  of  the  characteristics  of  3H-forskolln  (3H-FSK)  binding  to  meiBbranes  from  various  rat  tissues 
was  carried  out  using  a  filtration  assay.  Binding  sites  have  been  reported  in  nenbranes  from  rat 
brain  and  huinan  platelets  which  have  a  K<i  of  20  nM  and  are  increased  up  to  4-fold  in  the  presence  of 
GppNHp.  3h>FSK  binding  sites  were  detected  in  membranes  from  rat  lung  %d\lch  had  a  Bmax  of  13  fnol/mg 
protein  «fhlch  was  Increased  to  113  fmol/mg  protein  in  the  presence  of  GppNHp.  Similarly,  binding 
sites  for  3h-FSK  were  detected  In  membranes  from  rat  heart  which  had  a  Bmax  of  127  fmol/mg  protein 
i^lch  was  Increased  to  193  fmol/mg  protein  in  the  presence  of  GppNHp.  The  binding  of  ^H-FSK  to  rat 
kidney  membranes  could  only  be  detected  in  the  presence  of  GppNHp  with  a  Bmax  of  31  fmol/mg  protein. 
The  Kd  values  for  3h.fsK  binding  in  heart,  lung,  and  kidney  were  34  nM,  29  nM,  and  15  nM,  respectively 
«rhlch  is  similar  to  values  reported  for  membranes  from  rat  brain  and  human  platelets.  In  contrast, 
liver  membranes  had  a  value  of  329  nM  for  3h-FSK  binding.  This  low  affinity  binding  of  3h-FSK  had 
a  toax  of  3600  fmol/mg  protein  and  was  not  regulated  by  GppNHp.  There  was  a  linear  correlation 
between  adenylate  cyclase  activity  and  the  number  of  3h.fsK  binding  sites  in  all  tissues  except  for 
liver.  It  was  determined  by  HPLC  chromatography  that  no  degradation  of  the  3h~FSK  ligand  occurred 
during  incubations  in  any  of  the  tissues  studied.  Current  evidence  indicates  that  the  formation  of 
the  high  affinity  binding  site  for  3h*F5K  Is  coincident  with  the  activation  of  adenylate  cyclase  via 
the  guanine  nucleotide  binding  protein.  The  nature  of  the  low  affinity  binding  site  in  liver  Is  not 
known. 


112  GUANINE  MJCL60TIDES  STIMULATE  NADPH  OXIDASE  IN  PLASMA  MEMBRAfCS  OF  HUMAN  tCUTROPHILS : 

EVIDENCE  FOR  AN  INVOLVEMENT  OF  A  GUANirC  NUCLEOTIDE -BINDING  PROTEIN.  R.  Seifert.  W.  Rosen¬ 
thal,  and  G.  Schultz.  Pharmakologisches  Institut,  Freis  UniversitBt  Berlin,  D-1000  Berlin  33,  F  .R  ,G  . 

The  chemotactic  peptide,  f ormyl-fnethionyl-leucyl-phenylelanine  (FMLP) ,  binds  to  specific  membrane 
receptors  and  stimulates  superoxide  formation  by  NADPH  oxidase  (NO)  In  intact  human  neutrophils.  The 
effect  of  FMLP  Involves  a  pertussis  toxin(PT)-sensitive  guanine  nucleotlde^indlng  protein  (N-pro- 
tein).  As  phorbol  12-myrlstate  13-acet8te  (RIA),  a  potent  activator  of  protein  kinase  C  (PK^),  also 
stimulates  NO  In  Intact  calls,  it  Is  widely  believed  that  PK-C-catalyzed  phosphorylation  of  NO  or  of 
a  regulatory  component  Is  Involved  in  NO  stimulation.  Wa  studied  NO  regulation  In  plasma  mambranas 
purified  from  unstimulated  human  n^trophlls.  In  the  presence  of  neutrophil  cytosol,  arachldpnlc  acid 
(AA,  10  -  200  peak  at  SO  caused  stimulation  of  NO  (up  to  2  pmolas  x  mg'  x  min'  ).  Other 
long  chain  unsaturated  cis-  and  trans-fatty  acids  had  similar  effects:  saturated  fatty  acids  and  PMA 
did  not  activate  NO.  Addition  of  the  stable  GTP  analogs.  GTPj^S  (10  pM)  and  GppNHp  (100  ^) ,  or  NaF 
(lOnfl),  which  activate  N-proteins.  prior  to  or  with  AA,  enhanced  NO  activity  up  to  4-fold.  The  GTP 
analogs  ware  without  effect  when  added  several  minutes  after  AA.  G0P6S  Inhibited  the  effect  of  GTP^S  . 
In  membranes  from  PT-traated  neutrophils,  the  effects  of  DTPgS  and  GppNHp  were  not  changed.  Removal 
of  cytosolic  ATP  by  hexokinase  and  glucose  suppressed  the  stimulatory  effect  of  AA  but  not  that  of 
GTPyS .  As  trans-fatty  acids  are  not  knoen  to  stimulate  PK<^  and  PK^  purified  from  chicken  gizzard 
was  no  substitute  for  neutrophil  cytosol,  the  cytosolic  cofactor  required  for  NO  activation  may  not 
represent  PK^  •  The  data  suggest  that  NO  is  regulated  by  an  N*^rotaln,  Independent  of  activation  of 
PK<^  or  elevation  of  cytoplasmic  calcium. 


113  adenylate  CYCLASE-LimCED  STIHULATeRY  (Rj)  AMD  INHIBITORY  (Rj)  RECEPTORS  AMD  ASSOCIATED 

CTP-BINDING  PROTEINS  REGULATE  INSULIM'STIHULATED  PROCESSES  IN  RAT  ADIPOCYTES  BY  cAMP'INDEPENDSlT 
MBCHANISHS.  lA  Simpson,  H  Kuro<U,  RC  Konnor,  SW  Cushman,  A  C  Londos,  NIH,  NIDDK,  Bethesda,  HD  20692 
Rat  adipocytes  contain  receptors  whose  actions,  as  defined  by  effects  on  adenylate  cyclase,  are 
either  stimulatory  (Rg)  or  inhibitory  (Rt),  and  regulated  by  their  respective  GTP-binding  com¬ 
plexes,  N3  or  N^.  In  the  absence  of  insulin  ligands  for  R3  (eg.  isoproterenol ,  ACTH)  and  R^  recep¬ 
tors  (eg.  adenosine,  PGE|)  control  llpolysis  exclusively  by  modulating  cAMP  ooncentration  and 
cAMP-dependent  protein  kinase  (A-kinase)  activity.  However,  in  the  presence  of  insulin,  ligands 
for  R3  and  R^  receptors  are  shown  to  control  several  processes  by  mechanisms  unrelated  to  cAMP  or 
A-kinase  activity.  For  example,  R3  ligands  increase  and  R^  ligands  decrease  insulin  concentrations 
required  for  initiation  of  insulin-mediated  antlllpolysis  and  insulin-stimulated  glucose  transport 
activity.  In  insulin-stimulated  cells,  the  intrinsic  activity  of  the  glucose  transporters  in  the 
plasma  membrane  is  increased  by  R|  ligands  and  decreased  by  R3  ligands.  In  the  absence  of  Rs  or  R^ 
ligands,  treatment  of  cells  with  cholera  or  pertussis  toxin  does  not  change  transport  activity. 
However,  treatment  with  cholera  toxin  eliminates  the  effects  of  Rs  ligands,  and  treatment  with  per¬ 
tussis  toxin  eliminates  R^  effects  on  transport.  Thus,  these  cAMP-lndependent  actions  of  R3  and  R^ 
ligands  on  the  glucose  transporter  are  mediated  by  the  N3  and  N|  proteins,  respectively.  Moreover, 
the  entire  receptor  package,  both  R3  and  R|,  that  Is  linked  to  adenylate  cyclase  Is  linked  also  to 
these  cAHP-independent  processes.  It  is  concluded  that  adenylate  cyclase  Is  but  one  of  a  number  of 
proteins  which  is  regulated  by  a  common  R3N3*R£N^  package  in  the  adipocyte  plasma  membrane. 


INSULIN  REGULATION  OF  LIPOLYSIS  AND  PARTICULATE  LOW  cAHP  PHOSPHODIESTERASE  (PDE) 

ACTIVITY  IN  RAT  ADIPOCYTES.  Carolyn  J.  Smith  and  Vincent  C.  Hanganiello.  Laboratory  of  Cellular 
Metaboliam,  NHLBI,  NIH,  Bethesda,  KD.  20892 

Lipolyaia  and  particulate  '*low  K^g**  cAMP  PDE  were  studied  under  conditions  "defined"  by  incubation 
of  adipocytea  with  adenoaine  (Ado)  or  adenoaine  deaminaae  (ADA)  without  or  with  N^-phenylisopropy l- 
adenosine  (PIA).  ADA  increased  both  lipolysis  and  particulate  (not  soluble)  PDE  activity  (K  act 
•02  U/al),  with  maximal  effects  at  0.5-1  U/ml.  PlA  inhibited  ADA-atimulated  lipolysis  and  PDE  (K£ 

4  nM) •  Isoproterenol  (Iso)  increased  lipolysis  to  the  same  extent  with  Ado,  ADA,  or  ADA  4-  PlA  (lO'^M), 
but  aensitivity  to  Iso  was  greater  with  ADA  (K  act  1  nH)  than  Ado  or  ADA  *  PIA  (K  act  15  nMK 
Maximal  lipolysis  with  ADA  alone  was  65Z  that  with  Iso.  Maximal  Iso  increased  PDE  activity  by  190Z 
with  either  Ado  or  ADA  *  PlA  (K  act  %  4  nM),  but  only  increased  PCMI  activity  by  'v  20Z  with  ADA  which 
itself  increased  POE  activity  by  ^  I65Z.  tnaulin  (Ins)  inhibited  lipolysis  stimulated  by  Iso  *  Ado  (K] 
'V'lO  pH)  and  increased  PDE  activity  165Z  with  Ado  (K  act  17  pM).  With  Ado,  maximal  Ins  and  Iso  to¬ 
gether  increased  PDE  to  a  greater  extent  than  either  alone.  Ins  inhibited  lipolysis  stimulated  by  ADA 
alone,  but  effects  of  ADA  and  Ins  on  PDE  were  not  >  ADA  alone*  With  ADA,  Ins  increased  PDE  in  the 
presence  of  PlA,  PGEj ,  and  nicotinic  acid,  agonists  which  activate  Ni  -  coupled  receptors  and  inhibited 
ADA  stimulation  of  lipolysis  and  PDE.  With  ADA  plus  low  Iso  (<  10  nM)  insulin  alone  inhibited  lipoly¬ 
sis;  at  higher  Iso,  >  4  nM  PlA  was  required  for  insulin  inhibition.  These  studies  point  out  a  close 
relationship  between  presumed  effector-induced  activation  of  cAMP  dependent  protein  kinase  and  acti¬ 
vation  of  particulate  (not  soluble)  cAMP  PDE  as  well  as  hormone  sensitive  lipase.  In  addition  they 
suggest  a  possible  role  for  Ni-activation  in  the  regulation  of  particulate  cAMP  PDE  by  insulin. 


T15 

DISTINCT  PROPERTIES  OF  PURIFIED  KIDNEY  HIBH  AFFINITY  CYCLIC  AHP(cA)  PHOSPHODIESTERASE  (Typt 
IV  PDE)  S.J.  Stratfa,  C«-C«  Shtn  and  M.J.  Thoapton,  Dipt.  Phara. ,  U.of  So.  Alabaaa,  Nobllt,  AL  364B6. 

High  affinity  foraa  of  cA  PDE  froa  rat  haart,  kidnty  and  livtr  tlafluaa  wart  coaparad  to  a  dog 
kidnay  ansyaa  purifiad  to  a  SO-fold  higfiar  apacific  activity  than  prtvioualy  raportad  (Biochaa.lSt 
9228,  1979).  Typa  IV  kidnay  PDE  ia  aaparatad  froa  'a  60  kD  binding  protain  idantiflad  with  polyclonal 
antiiara  raittd  againat  tha  antyaa  complaxad  with  tha  binding  protain  which  appaarad  hoagantoua  by 
claiiical  critaria.  Purification  haa  baan  laprovad  by  including  Affi-gal  blua  chroaatography  batwaan 
DEAE  fractionation  and  8200  gal  filtration.  Tha  aniyaa  bind!  avidly  to  Affi-gal  blua  allowing 
raaoval  of  contaainantt  rapidly  and  in  larga  quantity.  Tha  fold  purification  of  tha  antyaa  froa 
kidnay  hoaoganataf  ia  6000.  Tha  Ka  of  tha  high  apacific  activity  anzyaa(1.6  uN)  and  pharaacological 
apacificity  ara  tha  aaaa  aa  theaa  pravioualy  raportad.  Tha  aaxiaua  valocity  of  tha  antyaa  ia  6-20 
uaolaa/ain/ag  in  vartoua  praparationa.  lOZ  8DB  gala  ahow  ca.  BOX  of  tha  protain  at  81  kO,  with 
contaainata  avidant  at  63,  47,  34  and  32  kO.  DEAE-calluloaa  fractionation  of  rat  tiaaua  ouparnatanta 
raaolvaa  Typa  IV  activltiaa  froa  othar  anzyaa  foraa.  Thaaa  activitiaa  can  ba  diatinguiahad  by  c6 
inhibition  of  cA  hydrelyaia  and  by  pharaacological  apacificity.  Haart  ia  pradeainantly  c6  inhibitad, 
livar  containa  both  c6  inhibitad  and  non-inhibitad  Typa  IV  activitiaa,  wharaaa  kidnty  containa  aolay 
non-cS  inhibitad  activity.  All  c6  Inhibitad  activitiaa  art  aarkadly  inhibitad  by  ciloataolda  and 
■ilrinona  whilat  kidnay-lika  forma  art  auch  mora  aanaitiva  to  inhibition  by  88-69442.  Thaaa  atudiaa 
indicata  that  an  activity  aiailtr  to  that  purifiad  froa  dog  kidnoy  txlata  in  othar  tlaauaa  and  that 
Typa  IV  anzyaa  activitiaa  can  bt  diatinguiahad  on  tha  baaia  of  thalr  aanaitivitiaa  to  inhibition  by 
c6  and  by  pharaacological  aganta.  Thia  raaaarch  it  aupportad  by  6H  33536. 
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116  OHTOCBIT  or  CIUMin  mClBCftlM  ua  ionic  UCULATOST  FACTORS  OF  OPIOID  RECEPTORS. 
M,  S«ac«.  G.M.  Oatting.  J.H.  Spain  and  C.J.  CoscU.  E.A.  Oolip  Dapartaant  of  Blochaalstry,  St.  Louis 
Dnlvarslty  School  of  Madlclna»  1402  S.  Grand  Blvd.^  St.  Louis.  MO  63104. 

Raving  aatabllahad  dlffarantlal  ontogany  for  p  and  i  opioid  racaptora  In  rat  brain,  we  have 
aaanlnad  thalr  regulation  by  nono-  and  divalent  cations  and  guanlna  nuclaotldaa  (GM)  during  post¬ 
natal  davalopaant.  Thaaa  agents  era  known  not  only  to  nodulata  the  receptor  binding  directly,  but 
also  ba  required  for  coupling  of  opioid  receptors  to  the  secondary  nassangcr  ayscan.  The  binding  of 
*B-0ADLE  (In  tha  prasanca  of  10  iM  DAGO)  was  Boat  sanaltlva  to  dlvala{|  cations  durln^^tha  fl(}t 
weak  postnatal  with  Increaaaa  over  control  values  as  high  as  lOOZ  by  Mn  ,  and  70X  by  Mg  or  Ca  . 
In  contrast,  p  binding  (naasurad  with  1  nM  *B-DAR0)  was  Inhibited  by  cations  and  the  affect  did  not 
change  during  davalopBant.  GTP,  Gpp(llH)p,  and  GDP  Inhibited  p  ^y  40-60Z  and  6  binding  by  15-30Z.  an 
affect  that  again  raaalned  constant  tbroughout  davalopaent.  Ha  ^substantially  Incrassad  tha  potency 
of  GHs  In  all  ages.  The  In^bltlon  of  binding  by  CppCMHIpeRa  was  Increasingly  cavarsad  at  both 
sites  by  the  addition  of  Hn**,  with  adult  lavala  of  ravaraal  being  achieved  by  the  second  waak 
postnatal.  In  order  to  aaseaa  whether  tha  GH  binding  proteins  undergo  a  tlna-dependent  devalopnent, 
nanhraniia  fron  5  day  old  and  adult  rat  brains  ware  lalMlad  with  [**P]MAD  In  tha  presence  of  pertus¬ 
sis  toxin.  For  neonates,  an  Intense  labeling  of  a  doublet  with  nolecular  weights  of  39-41  kDa  was 
observad  corresponding  to  bands  labeled  In  adults.  Ua  conclude  that:  (I)  divalent  cations  bind  to  a 
alts  distinct  fron  tha  GH  site;  and  (2)  CM  binding  proteins  appear  early  In  devalopnent,  but  further 
work  la  raqulrad  to  assess  whether  they  are  functionally  coupled  to  p/4  opioid  receptors  In 
neonates. 


CORRELATION  OF  VANADATE/BLUTATHIONE IV/BBH)  ACTIVATION  AND  CYCLIC  8NP(cB)  INHIBITION  OF 
RABBIT  LIVER  PARTICULATE  HI8H  AFFINITY  CYCLIC  AHP(cA)  PH08PH0DIEBTERABE  (TYPE  IV  PDE).  N.J. 
Thospaon,  B.N.  Tan  and  S.2.  Btrada,  Dept.  Phars.,  U.So.AIabasa,  Nobile,  AL  S44BB. 

Ns  previously  rsportsd  activation  of  particulate  Type  IV  PDE  activity  in  rat  adipocytia 
(Bsunsas  at  al.,  JCNPPR  10i4B3,ltBS)  by  a  cosplaa  of  aodiui  vanadate  and  glutathisns  (V/BBH). 
Siailarly,  tha  aatiaus  velocity  of  high  affinity  liver  particulate  activity  (Ks'O.TI  is  inersaasd 
(2B0Z  above  basal)  by  vanadyl  ion  coaplaiad  eitb  glutathione  (1:2).  Othor  aloasnts  capable  of  the 
V-IV  valence  transition  atatea  with  B8H,  eg.,  tungsten,  tantalliua  and  niobiua  will  atubstituta 
for  vanadiua.  Nisturaa  of  BBH  and  aanganese,  chroaiua  or  aolybdanua  are  inactive.  L-cystsins, 
eystoic  acid,  eystoaatno  or  N-acatyl-cystaino,  but  not  cyatasino,  cystine,  hoaocystoino  or 
taurine,  can  substitute  for  BBH.  Those  results  indicate  the  critical  role  of  the  -8H  as  an 
electron  donor  in  the  coaples  activation.  Particulate  cB  PDE  hydrolysis  IKa>12  uN)  is  net  affected 
by  V/88H,  however,  the  sensitivity  of  Type  IV  PDE  to  cB  inhibition  it  increased  20-feld  by  V/BBH 
aetivatlon.  Type  IV  PDE  Influenced  by  these  effectors  is  solubiliied  with  0.21  Triton  1-160  but 
not  by  0.4N  NaCl  or  hypotonic  lysis.  Differential  centrifugation  shows  effector  localiied  to  light 
alcrosoaal  eeebranea.  c8  Inhibits  both  basal  and  V/BBH  activated  eniyee  activity  to  the  saee 
estent,  suggesting  an  effect  on  the  ease  entyee  activity.  In  addition,  drug  inhibition  profiles 
of  cB  inhibited  and  V/BBH  activated  activity  are  parallel.  These  data  suggest  that  V/BBH 
coapleses  In  vH^g  eleic  insulin  activation  of  Type  IV  PDE  in  intact  cells.  Further,  both  agents 
affect  the  'cB  inhibited  fora  of  high  affinity  ir.  hepatic  eeabranes,  perhaps  via  an  osidatlon- 
reduction  aechanisa.  Research  supported  by  U8PHB  grant  BH  33S3B. 


11°  DEDUCED  AMINO  ACID  SEQUEN<X  OF  A  cDNA  CLONE  FOR  BOVINE  Cga’  POTENTIAL  OiOLERAGEN  AMD 

PERTUSSIS  TOXIN  MODIFICATION  SITES  A»  SIMILARITIES  TO  OTHER  GUANYL  NUCLEOTIDE-BINDING  PROTEINS.  K.P. 
Van  Hours*,  C.W.  Angua*,  S.R.  Price*,  S.-C.  Tsai*,  R.  Adamik*,  S.  Lavu*,  H.-F.  Rung**,  J.  Moss*,  and  M. 
Vaughan*.  *MaCional  Heart,  Lung,  and  Blood  Institute,  NIH,  Bethesda,  MDj  ♦PRI  and  ♦♦BRMP,  National 
Cancer  Institute,  Frederick  Cancer  Research  Facility,  Frederick,  MD. 

Guanyl  nucleotide-binding  proteins  (GNPs)  are  critical  in  the  regulation  of  wany  receptor-mediated 
events.  Gq  is  s  GNP  which  interacts  functionally  with  rhodopsin  and  muscarinic  receptors,  but  is 
apparently  not  involved  in  regulation  of  adenylate  cyclase.  Gq  is  similar  to  other  GNPs  in  that  it  is 
a  heterotrimer  of  a,  B,  and  y  subunits.  A  cDNA  clone  (IG09,  'vl.7  kb  in  length)  wss  isolated  fron  a 
bovine  retinal  XgtlO  cDNA  library  using  oligonucleotide  probes  complementary  to  sequencea  found  in  two 
cDNA  clones  for  Che  alpha  subunit  of  transducin  (Angus  et  al.  (1984)  Proc.  Natl.  Acad.  Sci.  USA  in 
press).  A  comparison  of  amino  acid  sequences  of  tryptic  fragments  from  bovine  brain  G^q  with  the 
deduced  amino  acid  aequences  for  X<X>9  revealed  complete  identity,  consistent  with  the  conclusion  that 
this  clone  was  derived  from  a  Ggo  nRNA.  Analysis  of  nucleotide  and  deduced  amino  acid  sequences  of 
XG09  also  revealed  significant  structural  similarities  to  the  a  subunits  of  bovine  G^,  Gg  and  Gf 
and  rat  brain  Gqq.  )C09  encodes  for  an  amino  acid  sequence  highly  homologous  to  the  region  surround¬ 
ing  Che  arginine  that  is  the  choleragen  ADP-ribosylacion  site  in  Gt,,  and  for  a  carboxy  terminal 
sequence  which  contains  the  cysteine  modified  by  pertussis  toxin.  The  levels  of  G^g,  sRNA  determined 
by  Northern  analysis  were  consistent  with  the  observed  tissue  distribution  of  the  G^o  protein.  XG09 
exhibits  characteristics  indistinguishable  from  those  observed  for  Goa  *"4  demonstrates  substantial 
aimilaricies  to  the  alpha  subunits  of  bovine  Gj,  G,  and  Gj  and  to  rat  brain  G^. 


INSULIN  STIMULATION  OF  ADIPOCTTB  CYCLIC  AKP  FHOSPBODIESTUtASB  IS  UDBPBNDBNT  OP 
PERTUSSIS  OR  CHOLERA  TOKtN  SENSITIVE  INTBRMRDUTES*  Hmthmc  W.  Wtb«.  tlftm  Day,  Fu-Zoo  Chung 
and  M.  Michael  Applaaan*  Molecular  Biology*  Univeraity  of  Southern  California*  Loa  Aqgelee*  CA. 

Insulin  can  rapidly  reduce  cyclic  AMP  levels  in  isolated  rat  adipocytes  due  to  a  glucose- 
independent  atlnulation  of  the  degradative  enayne  cyclic  AMP  phosph^iesterase*  Adenylate  cyclase 
activity  la  stlnulated  by  p-adrenerglc  agents  and  Inhibited  by  adenosine  agonists.  Action  of  these 
stlaulatory  and  Inhibitory  agonists  is  nediated  by  CTP-binding  proteins  (N,  and  N.*  respectively). 
It  has  been  suggested  that  these  or  related  proteins  nay  be  involved  in  the  insulin  action  on  the 
cAMP  phosphodiesterase.  Using  agonists  and  antagonists  of  the  adenosine  receptor*  it  can  be  shown 
that  the  cAMP  phosphodiesterase  activation  is  Independsnt  of  the  regulatory  status  of  the  adoiylate 
cyclase  Inhibitory  receptor.  Pertussis  toxin  ^>ecifically  ■odifles  N.*  so  that  adenylate  cyclase 
activity  is  no  longer  inhibited  by  adenosine  agonists.  Using  pertussis  toxin-treated  adipocytes* 
it  can  be  shown  chat  insulin  can  still  activate  Che  phosphodiesterase.  Cholera  toxin  nodifies  N^, 
so  chat  adenylate  cyclase  activity  is  fully  stiaulated.  Trestnent  of  adipocytes  with  cholera  toxin 
does  not  alter  the  ability  of  insulin  to  stiaulate  cAHP  phosphodiesterase  activity.  Trestnent  of 
adipocytes  with  either  toxin  causes  an  increase  in  the  cAMP  phosphodiesterase  activity  over  the 
control.  The  ability  of  isoproterenol  to  stiaulate  this  enxyme  Is  Inhibited  by  either  toxin 
treataent.  While  these  results  indicate  chat  in  adipocytes  the  stiaulatioo  of  cAMP 
phosphodiesterase  by  isoproterenol  aey  Involve  the  adenylate  cyclase  regulatory  subunits*  the 
regulation  of  cAHP  phosphodiesterase  by  InMlln  is  independent  of  N  or  N^.  Supported  by  Aaerican 
Diabetes  Assoc.*  So.  Cal.  Affil.*  the  Ray  Fdn.  and  the  USC  Faculty  innovation  Fund. 


1  20  SPECIES  DimsSCES  IN  VOnRlOiAR  LOU  K  *  CVaiC  IHEFHCDIESTEIMSE  iM>  TIC  IN  VINO  CABDiaECMIC  RESPONSE  TO 

CI<>914.  Ronald  E«  Vtetahaar,  Dianne  C.  KobylarX'-Singer*  Robert  P.  Steffen*  and  Dale  B»  Evsm.  Usmer-Ladiert/Parke-OaviB  Fharm. 
Res.,  Ann  Arbor,  MI  4810S. 

Hiltiple  molecular  foms  of  phosphodiesterase  (FCE)  uere  Isolated  fran  guinea  pig  ((7),  hanater  (H),  rat  (R),  and  rhesus 
monkey  (fM)  left  ventricular  muscle,  and  the  inhibitory  effects  of  CI-914  and  other  selective  inhibitors  on  each  fom  of  PCE 
were  evaluated.  In  addition,  the  relationship  between  in  vitro  Inhibltton  of  the  low  K  ,  cyclic  specific  fom  of  FlC  (PEC 
III)  by  CI*>914,  artd  the  ^  vivo  cardiotonic  re^xnse  to  Cl-914  was  also  determined.  Ihree  nnlecuLar  foms  of  ITE  were  Isolated 
from  each  species.  ITE  I  1$  stinuLated  by  caLaodulin/calciin  and.  In  the  CF,  H,  and  fM,  hydrolyses  both  cyclic  and  cyclic 
(M>  (K  >1.0  (J1).  POE  II  also  hydrolyzes  both  cyclic  MT  and  cyclic  OF  (K  =^20-30  iM).  In  addition,  the  cyclic  MP  hydrolytic 
activity  PCE  II  is  stimulated  by  low  concerxrations  of  cyclic  GHP.  POE  lll'’’selectlvely  hydrolyzes  cyclic  AMP  (K  =0.^1. 5  iM). 

22,948  (a  selective  FIX  I  Inhibitor),  AIH.  57  (a  selective  FOE  II  inhibitor)  and  theophylline  (a  noni^lectl\«  POE 
Inhibitor)  exerted  a  comparable  inhibitory  profile  on  FOE  I,  FOE  II,  FEE  HI  in  all  four  species.  Cl-914  exerted  a  potent  mi 
selective  inhibitory  effect  on  GP  and  m  left  ventricle  POE  III  (lC_aB.2  and  5.0  iM,  respecti\«ly),  but  only  nndestly 
inhibited  POE  III  frem  H  and  R  left  wntricle  (IC^=180  and  110  iM,  respectively).  G-914  also  exerted  a  greater  ^  vivo 
positive  inotropic  effect  in  the  m  than  in  H  and  x  (EZ)^=X  vgm/Hg,  i.v.  for  IM,  with  little  or  no  effect  in  the  H  or 
Although  Cl-914  potently  inhibited  (T  left  \«ntricuUr  He  Ill,  Cl>914  exerted  only  a  modest  in  vivo  positive  inotropic  effect 
in  Che  <7.  These  results  danonscrate  that  i)  species  differences  exist  regarding  the  Inhibitory  effect  of  CI>914  on  left 
ventricle  POE  III,  and  il)  for  the  IM,  H  and  R,  but  not  for  the  (7,  these  differences  are  predictive  of  the  in  vivo 
cardiotonic  effect  of  CI-914.  The  lack  of  correlation  in  the  <7  inplies  the  link  between  inhibition  of  left  ventricular  PCE 
III  and  increased  contractility  does  not  apply  to  all  species.  One  possible  explanation  for  his  lack  of  correlarlon  may  be  a 
different  extracellular  localization  for  PCE  III  In  the  C7  coipared  to  the  Mf. 


PURIFICATION  OF  NENBRANE-A880C1ATEP  CBNP'STINULATEO  CYCLIC  NUCLEOTIDE  PHOSPHODIESTERASE 
(TYPE  11  POE)  FRON  RABBIT  BRAIN.  N.E.  Hhalifi,  8.J.  Strada  and  N.J.  Thoapton.  Departavnt  of 
Pharaacology,  Univfraity  of  South  Alabaaa  CoIIvst  of  Ntdicinv,  Robllt,  AL  SAABB. 

Rabbit  brain  Type  II  PDC  hat  btvn  purified  to  near  hoeogeneity.  Activity  of  cortex 
hoAogenatet  eeatured  at  the  hydrolytit  of  S  uN  (3H)-cANP  in  the  pretence  of  2  uH  eSNP  it  greater 
than  751  particulate.  Thit  activity  or  eSNP  hydrolytit  at  40  uH  tubttratt  can  bt  tolubiliied  Nith 
Triton  X-lOO,  but  not  eith  high  ionic  ttrength  buffert  indicating  an  integral  eeebrane  nature. 
Cyclic  6NP  acitivation  of  cAHP  hydrolytit  it  lott  by  dttergtnt  tolubilitation.  Houever*  cleavage 
of  the  eniyee  free  the  13*000  x  g  particulate  fraction  by  TPCK^trypttn  proteolytit  (liAOO)  retaint 
full  eSNP  rtgulation.  The  eniyoc  net  purified  with  a  3500  fold  Increate  in  tpecific  activity  froe 
the  particulate  fraction  uting  DE  52  anion-exchange  chroaatography*  epoxy-Sepharote-eSNP  affinity 
chroaatography  and  Sephacryl  8200  gel  filtration.  Particulate  Type  II  PDE  hat  an  apparant  native 
tile  of  240  kD«  81  acrylaeide  gol  eloctrophorttit  under  denaturing  conditieni  thowt  a  aajor 
protein  band  at  ilO  kO.  Minor  bande  of  3A  and  38  kD  are  evident.  Potitive  hoeotropic  cooperative 
kinetic  behavior  of  the  enzyoe  it  obterved  with  either  cAHP  or  cBHP  at  tubttratt.  Extrapolattd 
•axieuo  velocitiet  are  122  U/eg  and  194  U/eg  for  cAHP  and  c6NP  tubttratet,  retpectively. 
Subttrate  concentrationt  required  to  achieve  half-eaxioal  velocitiet  are  28  uN  for  cAHP  and  lA  uH 
for  c6HP*  The  Kact  for  eSHP  etioulation  of  cAHP  hydrolytit  at  5  uH  lubttrate  it  0.4  uH  and  eaxieal 
ttieulation  (5  fold)  it  achieved  with  2  uN  cBHP.  Purified  Type  II  PDE  cltaved  froe  rabbit  brain 
particulate  fractiont  thowt  oany  propertiet  lieilar  to  othtr  Typt  11  PDC  activitiet  purified  froe 
cytotolie  heartiliver  and  adrona;  tittuot  eourcet.  Thit  retearch  wat  tupported  by  U8PH8  6H  33536. 
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REACTIVE  SULFHTDRYL  CROUPS  OF  THE  39  kDa  GUAMINE  NUCLEOTIDE  BINDING  PROTEIN  (039)  FROM 
BOVINE  BRAIN.  J.W.  Vinmlont^  J.  Bradley,  J.A.  Salth,  E.  Neer,  Cardiovaecular  Division, 
Brighaa  and  Voaen's  Hospital;  Dept.  Molecular  Biology  and  Pathology,  Massachusetts  General  Hospital; 
and  Depta.  Medicine  and  Pathology,  Harvard  Medical  School,  Boston,  Massacluisetts. 

The  guanine  nucleotide  binding  proteins  which  mediate  hormonal  inhibition  of  adenylate  cyclase  as 
well  as  hormonal  regulation  of  other  membrane  functions  are  a,  6,  Y  heterotrlmers  %diich  are  struc¬ 
turally  homologous  to  each  other.  In  brain,  the  predominant  guanine  nucleotide-binding  component  is 
a  39  fcDa  protein  whose  physiological  role  is  as  yet  unknown. 

He  have  used  N-ethyluleimide  to  define  functionally  Important  sulfhydryl  groups  on  039.  Three 
cysteine  residues  in  the  molecule  are  reactive  in  unllganded  039.  Alkylation  of  two  of  these  is 
reduced  when  GTPyS  Is  bound.  He  have  Isolated  and  sequenced  tryptic  peptides  containing  the  three 
reactive  cysteines.  The  octapeptide  containing  the  G^YS-lnsenaitlve  cysteine  is  at  a  position 
equivalent  Co  amino  acids  106-113  of  the  transducln  asubunit  (Lochrle  et  al.  (1985)  Science  228:96- 
99).  Alkylation  of  this  cysteine  blocks  ADP-rlbosylatlon  of  cysteine  351  by  pertussis  toxin. 

However,  alkylation  does  not  prevent  association  of  a  with  the  B.y  subunits  nor  does  it  Inhibit 
GTPase  activity.  The  two  GTPYS-sensitlve  cysteines  are  at  positions  equivalent  to  139  and  286  of  the 
transducln  asubunit.  Alkylation  of  these  residues  inhibits  GTPase  activity.  Neither  of  these  GTPyS- 
senaltlve  cysteines  are  In  chose  regions  of  039  which  are  highly  homologous  to  the  CTP  binding  site 
of  elongation  factor  Tu  (Jumak  (1985)  Science  230:32-36).  However,  both  are  present  In  the  brain 
41  kDa  guanine  nucleotide-binding  protein  and  in  the  two  transduclns.  The  conservation  of  these 
cysteine  residues  suggests  that  they  are  important  for  the  function  of  the  subunits. 


’23  KULTI-SITE  FHOSPHOKYLATION  OF  THE  ALPHA  SUBUNIT  OF  THANSDUCIN  BY  THE  INSULIN  RECEPTOR 
KINASE  AMD  PROTEIN  KINASE  C  by  Y.  Zick  and  R.  Sagi-Eisenberg,  Department  of  Chemical  Immunology,  The 
Heiamann  Inatituce  of  Science,  Rehovot,  Israel,  and  M.  Pines,  P.  Gierschick,  and  A.  Spiegel,  Section 
of  Molecular  Pathophysiology,  Metabolic  Diseases  Branch,  Bethesda,  MD, 

Tha  GDP-bound  o-aubunit  of  tranaducin  but  not  the  GTP-gamma-S  bound  one  undergoes 
phosphorylation  on  tyrosine  residues  by  the  insulin  receptor  kinase  and  on  serine  residues  by 
protein  kinase  C.  Holotransducin  is  poorly  phosphorylated  by  the  ioBulin  receptor  kinase  and  is  not 
phosphorylated  by  protein  kinase  C.  Neither  holotransducin  nor  any  of  its  subunits  %fere 
phosphorylated  by  the  cAMP-dependent  protein  kinase.  That  a  given  subunit  of  tranaducin  undergoes 
multisite  phosphorylation  depending  on  the  type  of  nucleotide  bound  to  it  or  the  nature  of  the 
kioaae  suggeats  that  hormone-dependent  phosphorylation  could  provide  a  versatile  node  for  regulation 
of  G-proteins  function.  In  particular,  the  findings  that  certain  G-proteins  serve  as  substrates  for 
both  the  insulin  receptor  kinase  and  protein  kinase  C  implicate  G-proteins  in  playing  a  key  role  in 
mediating  the  action  of  insulin  and  ligands  that  act  to  activate  protein  kinase  C. 
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THE  EFFECTS  OF  THE  CHARGED  DIHYDROPYRIDINE  PN  207-180  ON  RECONSTITUTED  SINGLE 
CHANNELS  FROM  PURIFIED  MUSCLE  TRANSVERSE  TUBULES,  Hubert  AtCoIter  and  Roberto  Coronado, 
Department  of  Physiology,  Yale  IMiversity,  New  Haven,  CT  06510,  and  Department  of  Physiology 
and  Molecular  Biophysics,  Baylor  College  of  Medicine,  Houston,  TX  77030. 

The  charged  dihydropyridiiie  derivative  PN  207-180  (gift  from  Sandoz  AG,  Basel, 
Switzerland)  was  used  to  assess  the  site  of  dihydrop>yridine  blockade  in  single  calcium  channels 
reconstituted  from  purified  t-tubules  from  rat  sceletal  muscle.  Spontaneous  single  channel 
openings  were  induced  with  the  agonist  Bay-K8644  and  recordings  were  made  in  a  two  chamber 
planar  bilayer  setup  so  that  drugs  could  be  delivered  to  either  site  of  the  channel.  It  has 
been  previously  shown  by  the  asymetric  blockade  by  the  membrane  impermeable  verapamile 
derivative  0890  (Affolter  and  Coronado,  Biophys.  J»  49:767-771,  1986)  that  under  the  chosen 
conditions,  calcium  channels  are  incorporated  into  the  membrane  leaving  the  cytoplasmic  end  on 
the  cis  side  of  the  bilayer.  Nanomolar  additions  of  PN  207-180  on  either  side  of  the  bilayer 
resulted  in  >10  fold  decrease  in  probability  of  open  channel  events  as  well  as  in  mean  open 
time.  The  lack  of  sidedness  of  m  207-180  blockade  can  be  explained  by  the  fact  that  the  long 
spacer  -(CHj|)io  ~  which  links  the  charged  quaternary  amine  to  the  dihydropyridine  ring 
allows  the  active  di hydropyridine  moiety  to  reach  the  center  of  the  bilayer  from  either  side. 
This  fact  supports  the  view  that  the  side  of  dihydiopyridine  action  resides  in  the  center  of 
the  lipid  phase.  Supported  by  a  fellowship  from  Swiss  National  Funds  and  by  NIH  grant  R01>GM- 
32824. 


bay  K  8644  ONLY  HOBIFIES  THE  CAIIMC  OF  PH0SFB0RYL4TED  C4LCI0M  CHANNELS.  PATld  ArMtrom 
and  Ghrlttlan  ErxlcbeiiB  OcpartMut  of  Moloty,  DCXA,  Loo  Aogoloo*  Ck  90024. 

Dlhydropyridlnoa »  c^clua  l<mo  and  asmta  that  proaota  cyclic  4MP*dapoiida&t  protein 
phoaphorylatlon  all  modulate  the  aane  claoa  of  volta^e^actlvated  Co  chaaaelo  that  have  a  conductance 
near  23  pS  in  90nM  activate  at  voltagea  nore  poaltlve  than  -20  nV,  and  do  not  Inactivate  at 

-40  nV.  He  have  atudled  the  nodulatlon  of  thoae  channels  by  BAY  K  8644  (BAY  K)  in  cell-free 
■enbrane  patches  fron  a  nenlian  cell  lliM  (6H3).  The  cytoplaanlc  aides  of  the  patches  were 
bathed  In  a  alnlnal  CaCl  solution  that  contained  40  wH  REPES  (pH  7.2),  5  nM  EGTA  (pCa  6)  and  0.1  nN 
leupeptln,  a  protease  lnhibltor»  and  were  voltage  clanped  to  -40  nV.  The  Ca  channels  In  such 
patches  quickly  stop  responding  to  aenbrane  depolarlaatlon  unless  ATP-^  and  the  catalytic  subunit 
(CS)  of  cyclic  AHP  dependent  protein  kinase  are  added  to  the  cytoplasnlc  side  of  the  patch 
(Arutrong  &  Eckert,  1965,  J.  Gen.  Physiol.  86:2Sa).  BAT  K  alone  (0.1  -  10 /rH)  did  not  restore  Ca 
channel  activity  once  It  had  disappeared  fron  patches  exposed  to  the  ninlnal  solution,  but  when  It 
vaa  applied  In  the  presence  of  CS  plus  ATP,  BAY  K  produced  a  drsnatlc  increase  In  the  aean  llfetlne 
of  the  open  channel  during  depolarising  steps  to  0  nV.  However,  If  Intact  cells  were  exposed  to  BAY 
K  before  the  patches  were  excised,  BAY  K  not  only  nodlfled  Ca  channel  gating,  It  substantially 
delayed  the  loss  of  activity  in  the  ninlnal  solution.  Since  BAY  K  only  nodulates  Ca  channel  gating 
when  It  la  applied  in  the  presence  of  phosphorylatlng  agents,  we  suggest  that  BAY  K  produces  Its 
effect  on  gating  by  Inhibiting  dephos^^iorylatlon  of  the  channel.  That  would  explain  why  successful 
reconstitution  of  these  phosphorylation-dependent  Ca  channels  In  the  absence  of  ATP  has  only  been 
achieved  In  the  presence  of  BAT  K.  (Supported  by  USPHS  NS-8364  to  Roger  Eckert.) 


126  ^  CHANNEL  BLOCKADE  ENHANCES  ELECTRICALLY  STIHULATBD  VASOPRESSIN  RELEASE  PROM 
RAT  NEUROHYPOPUYSBS 

Frequency  dependent  facilitation  of  neurosecretlon  has  been  described  In  both  souse  and  rat 
neural  lobes  and  in  a  variety  of  other  vertebrate  and  invertebrate  neuronal  preparations.  Associ¬ 
ated  «rlth  Increased  stlwulus  frequency  is  a  prolongation  of  the  action  potential  duration  which  has 
been  deokonstrated  by  potenClosetrlc  optical  probes  In  the  souse  neurohypophysis  and  by  Intracellular 
recording  fron  crab  sinus  gland  nerve  terminals.  Focusing  on  the  possibility  that  frequency  depen¬ 
ds^  sodulatlon  of  channel  activity  could  be  the  sechanlss  of  spike  broadening  resulting  In  greater 
Ca'^  entry  and,  therefore,  peptide  release,  we  have  examined  the  effect  of  channel  blockers,  tetra- 
ethylassonlus  (TEA)  and  4-aaUoopyrldlne  (4AF)  on  vasopressin  (VP)  release  fros  rat  neurolntersedlate 
lobes  (nil's)  In  vitro.  NIL'S  were  impaled  on  platlnus  electrodes  suspended  in  Ringer's  solution  with 
2  sH  CaCl2  at  37^7^a^  stimulated  with  600  negative  square  wave  pulses  of  0.5  ss  and  -3V  at  various 
frequencies.  While  neither  agent  effected  basal  release  as  measured  by  RIA,  both  enhanced  electri¬ 
cally  evoked  VP  release.  Compared  with  control  (n«*14),  4AP  (100|d(,  n*6)  caused  a  2.7  fold  increase  In 
VP  release  at  4  Hx,  and  a  l.B  fold  increase  at  12  Hz.  TEA  (lOsM,  n**3)  increased  the  release  2.2  and 
1.2  fold  at  4  and  12  Hx  respectively.  TEA  and  4aP  together  did  not  produce  greater  release  than  4AP 
alone.  These  data  suggest  that  channel  Inactivation  by  4AP  and  TEA  leads  to  a  prolonged  delay  In 
rectification  of  membrane  potential  allowing  for  more  Ca*^  entry  through  voltage  sensitive  channels 
thus  enhancing  secretior.. 


127  ANTIBODIES  TO  THE  SUBUNITS  OF  VOLTAGE-SENSITIVE  CALCIUM  CHANNELS. 

Healn  Chin,  Karl  Krueger,  Troy  Beeler*,  and  Marshall  Nlrenberg,  NIH  and  USUHS*, 

Bethesda,  MD. 

Rat  skeletal  ouscle  T-tubule  membranes  were  solubilized  and  voltage-sensitive  calcium  channel 
proteins  were  purified  by  a  modification  of  the  procedure  reported  by  Curtis  and  Catterall 
(Biochemistry,  2^,  2113,  1984).  Three  major  proteins  (apparent  Mp-160,000,  36,000  and  30,000  on 
non-reducing  SDS-PAGE),  which  cosediment  with  specifically  bound  ^H-nltrendlplne  In  sucrose 
density  gradient  centrifugation  fractions,  were  used  to  immunize  rabbits.  Antibodies  monospecific 
for  the  160,000,  36,000,  or  30,000  Mp  proteins  were  obtained  by  affinity  purification  against 
Immobilized  essentially  homogeneous  preparations  of  each  protein.  A  Igtll  cDNA  library  prepared 
from  3  day-old  rat  skeletal  muscle  poly  A**^  mRNA  was  screened  with  antibodies  for  recombinants  that 
synthesize  the  a  or  Y  subunits  of  voltage-sensitive  Ca^*  channels  fused  with  B-galactosidase. 
Twenty  positive  plaques  were  detected  with  antibody  HK-6,  which  recognizes  the  160,000  Mp 
a-3ubunlt,  out  of  550,000  recombinants  tested.  HK-6  antibody  was  Incubated  with  10  immobilized 
fusion  protein  preparations.  The  [antlbodyantlgen]  complexes  were  washed,  antibody  was 
dissociated  from  the  antigen,  eluted,  and  tested  on  Western  blots  of  protein  solubilized  from  rat 
T-tubules,  Eluted  antibodies  from  the  fusion  protein  coded  by  lCCha2  cDNA  bound  only  to  the 
160,000  Mp  a-subunit,  but  not  antibodies  from  9  other  fusion  proteins.  In  addition,  we  have 
screened  for  recombinants  producing  fusion  proteins  that  contain  the  30,000  Mp  subunit  of  the 
calcium  channel  with  affinity  purified  antibody  HK-2.  Twenty  nine  of  the  850,000  recombinant  phage 
plaques  screened  were  positive.  Further  work  is  needed  to  confirm  the  identity  of  the  putative 
cl<mes  for  voltage-sensitive  calcium  channel  subunits. 


CYCLIC-AHP-MEDIATEO.  NOEEPIMEPHRINE-IRDUCED  SODIUM  ION  INFLUX  IN  ISOLATED 
BROWN  ADIPOCTTES.  Eaaono  ConnoUp,  DapartBCnc  of  MotaboUc  Reaaaccb,  Tha  Waanar-Gran 
Inatituta,  Blolo(lhua  P3,  Unlvaralty  of  |toc)Lholm,  S-lOb  91,  Stockhola,  Swadan. 

To  azaB|nc  tha  lavolvaaant  of  Na  ioaa  la  adraaargle  raapoaaaa  la  brova  fat,  aa  aaaay  to 
aaaaure  Na  laflux  la^  laolatcd  brooa  adlpocptaa  aaa  davalopad,  which  lavolvad  abort  (5-30  aac) 
incubatlooa  with  ^^Na  ,  foUowad  bp  a  two-atap  caatflfapatloo  racovai^  procedure.  Ucin|  thla 
aethod,  a  claar,  aoraplnephrlne-aadlated  accuaul^lo^  of  latracallular  ^^Na  waa  dcBoaatrated,  which 
waa  aohaac^  lyr  the  addldoa  of  ouabala  (tha  Na  /E  -ATPaae  Inhibitor),  waa  aot  inhibited  bp  aall- 
orlde  (a  Na  /H  exchange  blacker)  and  could  not  be  nlnlcked  bp  the  total  ranoval  of  oxpgen  from 
the  nediuB.  Thla  doaa-dapandeat  raaponae  to  noraplnephrlna  (EC  ,  250  nM)  could  be  coaplatelp 
blocked  bp  propranolal  (bata-blocker) ,  but  not  bp  prazoaln  (alpha  -blacker).  The  reaponae  waa 
cAMP-Bedlated  xlnce  both  thaophp^lna  (a  phoaphodlaateraae ^inhibitor)  and  forakoUn  (an  adenplata 
cpclaae  activator)  could  induce  Na  Influx.  However,  Che  Na  influx  waa  not  linked  to  other  known 
cAMP-adBulaCad  cellular  reaponxea,  auch  aa  fattp  add  BobOlxatlon ,  nltochondrlal  uncoupling  o^ 
elevated  reeplratlon,  alncc  neither  added  free  fattp  acid  aubacratea  nor  FCCP  could  Induce  Che  Na 
entry.  Furthernore,  ^Cal  reaplrntorp  Inhibition  with  rotenone  waa  unable  co^  affect  the  norepi- 
nephrlne-atlBulated  Na  Influx.  Could  Chin  beta-atlBulated ,  c  A  HP-dependent  Na  Ion  entry  be  (one 
of)  the  algnoltlng  faccor(a)  Initiating  DNA  replication,  protein  apntheala  and  tlaaue  recrultnent  in  the 
chronically  beta-atlBulated  brown  fat  of  anlBala  facing  increaaed  thernogenlc  daBanda? 
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leCRMES.  Pvus  CDrcla,  Betxjanin  Rlvnay  and  Israel  Fnclit.  Depts.  of  Mentotaiitt  Research 
and  Chemical  lanunology.  The  Malanam  Institute  of  Sclenoe,  Rehowot  76100,  Israel. 

A  transient  rise  In  cytosolic  free  Ca'*'*  occurs  In  mast  cells  and  basophils  ipon  specific 
aggregation  of  their  receptors  (FC^R)  and  leads  to  degrarxilatlon.  We  have  shoun.  In  modal 
meahranes.  that  Ion  chancial  actlvl^  can  be  Induced  by  aggregating  FC,.R  and  that  this  channal 
activity  can  be  attained  by  reccnstltuting,  into  Upld  bllayers,  two  oenponents  Isolated  fzon 
meafacanes  of  rat  basophilic  leuteemia  cells  (line  RBL-2H3).  These  oenponents  are  the  Fc^R  com¬ 
plex  and  tha  cronolyn  binding  protein  (CBP).  TO  axamlna  these  channels'  cation  apeclficlty,  we 
have  studied  oondixitanoe  and  open-tine  characteristics  of  mlcroplpatte  siapported  bllayers 
exposed  to  solutlana  containing:  1)  only  CaClj  (100  nM)  or  2)  only  NaO.  (0.5  M)  on  both  sides  of 
tha  mantii-aixia  (l.e.  symaetrlc  conditions)  and  3)  Nad  (ISO  nM)  on  both  sides  and  a  calciim  gra¬ 
dient  namely.  1.8  nM  Cadj  In  the  bath  and  ~  0.1  iM  In  the  plps^  Interior.  Under  these  oondl- 
tlcns.  two  pcpulations  of  antlgen-lnduoed  charnels  axe  observed:  one.  aooountlng  for  ~90t  of  all 
the  everrts,  has  a  small  conductance  (4-5  p6  In  synmetrlcal  Ca;  8  p6  In  synmetrical  Na  and  3  pS 
in  the  presence  of  the  O  gradient),  is  Ca^*  specific  (reversal  potential  130  nW  with  the  Ca 
gradient)  but  allcus  passage  of  Na'*'  when  It  is  the  oily  cation  present.  The  second  population, 
S-10%  the  sve^.  has  a  higher  oonductanoe  (10-12  p6/25  p6/21  p6)  and  allows  the  passage  of 
both  Ca'^  and  Na'*’  with  a  clear  prefsrencs  for  the  farmer  (reversal  potential  16  mv).  Both  types 
of  everts  have  short  open-times,  appear  mainly  isolated  and  %«lth  relatively  long  periods  of  non- 
oooductlng  state  In  between,  and  ore  all  blodtad  by  cromolyn.  Thus  antlgen-lnduoed 
CB^''’-8peclflc  ohamels  are  activated  In  this  reconstituted  system. 


130  RESERPINES:  A  NEW  CLASS  OF  COMPETITIVE  LICANDS  FOR  THE  BATRACHOTOXIN-BINDING  SITE  ON 

SODIUM  CHARNELS.  C.R.  Crevellog.  H.E.  Bell,  R.  del  la  Cruz.  D.  Rosslgnol*  and  J.W.  Daly. 
LBC,  NIDDE,  NIH,  Bechesda,  Maryland  20892  and  Dupont  Exptl.  Station,  Wilmington,  DE  19898*. 

The  steroidal  alkaloid,  batrachotoxln  (BTX),  and  an  equipotent,  benzoate  analog  (BTX-B)  modify 
tha  properties  of  voltage-dependent  sodium  channels  by  binding  specifically  with  high  affinity  to  a 
single  site  associated  with  the  channel.  High  affinity  binding  of  [^HIBTX-B  la  optimally  achieved 
in  the  presence  of  s  scorpion  toxin— Induced  shift  of  the  chanoel  to  an  open  or  conducting  configura¬ 
tion.  Other  sodium  channel  epeclfic  toxins,  such  as  veratridine,  aconitine,  and  grayanotoxin, 
competitively  inhibit  the  specific  binding  of  (^HJBTX-B,  as  do  a  large  number  of  local  anesthetics. 
Tree  Inhibition  by  local  anesthetics  is,  however,  not  simple  competition  for  the  BTX-bindlng  site, 
a“  allosteric  change  in  the  site.  The  consequence  of  this  change  is  a  reduction  in 
BTX-B  ae  evidenced  by  a  marked  increase  in  the  dissociation  rate  of 
BTX-B  In  the  presence  of  local  anesthetics.  The  dissociation  rate  for  [^HJBTX  from  sodium 
channels  In  syuptoneurosomes  from  guinea  pig  cerebral  cortex  has  a  T, -  31.2  min.  measured  in 

®TX-B.  Unlike  the  action  of  local  aiWthetics,  true  competitive 
achlmd  Slrt  aconitine,  do  not  increase  the  T  ,,  for  (3h)BTX-B  beyond  the  rate 

BTX-rWnWM  Sl^e  fS  i’  o  ’'  «  criteria,  reserplne  Is  a  trui'lompetitive  ligand  for  the  [3h1- 

SI^«u«J^?Sa  i  :,'eis:n  U1  ?o'MnSl“^r?i;rr3Hlm’'B’sur  of  reserpmes  defmes'some 

of  BTX-B  vcratrldln.  ^  ,  10H]BTX-B  site.  Analysis  of  favored  conformations 

«ru«u«l  n«n«  cZ^^  competitive  ligands  have  certain 

comnoumls  ^  *  crlad  of  oxygens,  which  when  matched  for  these  four 

compounds  produce  similar  alignment,  of  the  phenyl  ring  of  the  aryl  ester  function  in  each  cZound. 
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CONSOL  Of  FTH  aSCUETlOir  IS  HD  UTS  IBIOOGB  CSLCIDM  CHSHNBLS  VIA  A  G-nOTEIM:  LJk. 
Fltspttrick,  M.L.  Br«iidi»  «ad  G.D.  AazbAch,  Mttibolic  DiMaiet  Branch,  National  Inacieuca  of 
Diabataa  aid  Digaativa  and  Kidney  Oiaaaaaa,  National  batitutea  of  Haalth,  Bathaada,  HD  20892 
Galeiun  nagativaly  ragulataa  parathyroid  hornona  (PTR)  aaeration  through  naehaniana  yat  to  be 
alueidatad.  fartuaaia  toxin  ahieh  inactivataa  a  guanine  tucUotida  regulatory  protein,  blocka 
the  calciim  iehibition  of  PTH  talaaaa*  Ha  taatad  voltage  aanaitivc  ealcua  diannel  agoniata  and 
antagoniata  to  avaluata  the  role  of  calcina  chaiBkala  in  FTH  aaeration.  Haitotoxin  (calciun 
channal  activator)  ichibitad  PTH  ralaaaa  vith  naxiaal  affect  at  5  og/al.  BoantioMra  of  the 
dihydiropyridinaa  (-‘)202-791  and  (♦)202-791  (Sandoa)  ware  incubated  with  diaparaad  benina 
paratl^old  calla.  PTB  «aa  aaaayad  in  the  cell  aigiamatea  by  aid-ragion  radioiawnoaaaay. 
Calcitta  channal  agoniat  ♦202*791  (lO'^^^lO*^)  eauaed  a  doaa-dapandant  inhibition  of  PTO 
calaaaa.  Siailar  affaeta  aare  found  aith  the  agoniat  Bay  K  8644.  Pra-traataant  of  calla  vith 
partuaaia  toxin  blocked  the  ^oniat  inhibition  and  catalycad  DP^riboeylation  of  a  40  kDa 
protein  in  a  tiaa*dapaodant  aannar  in  parathyroid  call  ■ad>ranaa.  Calciun  channal  antagoniata  (- 
202*791  and  to  a  laaaar  extent  nifiedipua  and  varapanil)  atiaulatad  PTH  ralaaaa.  He  conclude: 
1)  calciua  inhibition  of  PTH  ralaaaa  ia  blodcad  by  partuaaia  toain;  2)  calciun  channal  agoniata 
inhibit  idiila  calciun  channal  antagoniata  atinulata  PTR  ralaaaa;  3)  calciun  channala  are 
involved  in  PTR  regulation;  4)  a  G*protain  ia  intarpoaad  between  the  calciun  channel  and  the 
**intracallular'*  effector  nediating  PTH  ralaaaa. 


^3^  THE  PURIFIED  RECEPTOR  FOR  CA  CHANNEL  BLOCKERS  (CCBR)  IS  A  FUNCTIONAL  CA  CHANNEL 

Veit  Flockerzi*  /  Franz  Hofs^nn 

The  CCBR  was  purified  from  rabbit  skeletal  muscle  microsomes  to  an  app.  density  of  to  2niDol/mg  pro- 
tein.  SDS'PAGE  “OTT  yielded  3  peptide  bands  of  142.56  and  30kDa.  whereas  ♦EXIT  bands  of  M  142.122.56.31. 
26  and  22  ware  obtained.  This  gel  pattern  was  obtained  regardless  if  the  receptor  was  purified  as  nit- 
rendiplne  plus  diltiazem  (DIL)  or  as  PN200/110{PN)  complex  or  ^  DTT.  cA-klnase  phosphoryiated  preferen¬ 
tially  the  142kOa  band  (.82  mol  phosphate/mol  pegtide)  whereas  the  56  kDa  peptide  was  phosphoryiated 
only  in  substoichiometric  amounts.  PN  bound  at  4  c  to  one  site  with  app.K^and  values  of  9.3nN  and 

2.2nnol/mg  protein,  respectively.  The  binding  was  stereospecific  and  was  not  observed  in  the  presence 
of  ImM  EGTA.  (-iDesmethoxyverapamil  (D)  inhibited  the  binding  of  PN  at  37^C  incompletely  and  stimulat¬ 
ed  it  at  18^C.  whereas  (♦ID  inhibited  binding  at  all  temperatures  tested. D-cis-DIL  stimulated  the 
binding  of  PN  only  above  18°C  (app.  EC^^^=1.4uM  at  37°C).  The  purified  CCBR  was  incorporated  into  phos¬ 
pholipid  bilayer  membranes.  When  a  potential  gradient  was  applied  across  the  membranes  single  channel 
openings  occurred  spontaneously  (single  channel  conductance  20pS) .  This  current  was  blocked  by  the  CCB 
gallopamll.  whereas  the  Ca-agonist  BayK8644  induced  long  channel  openings.  Phosphorylation  of  the  CCBR 
prolonged  the  open  channel  life  times.  These  results  show:  l.The  purified  CCBR  contains  at  least  dif¬ 
ferent  sites  for  dlhydropyridlnes  and  phenylalkylamlnes.  2. It  can  be  reconstituted  to  a  functional  Ca 
channel,  which  retains  the  principal  regulating,  biochemical  and  pharmacological  properties  of  mem¬ 
brane  bound  1-type  Ca  channels. 

niysiologisch  Chemie.  Universit4t  des  Saarlandes.  D  6650  Homburg.  Germany. 

*present  adress:  Department  of  Medical  Chemistry,  Kyoto  University,  Kyoto.  Japan. 


133  EFFECTS  OF  I(W  CHANNEL  AXtXAGOHlSTS  AND  DIVALENT  CATIONS  ON  STIMULATION  OF  PHOSFHOIMOSITIDE 

BREAKDOWN  INDUCED  BY  AGENTS  THAT  INCREASE  INTRACELLULAR  SODIUM  IN  GUINEA  PIC  BRAIN  SYNAPTONEUROSOHES . 
F.  Gusovsky  and  J.H.  Daly.  NIDDK,  National  Institutes  of  Health,  Bethesda,  Maryland  20892. 

Agents,  such  as  batrachotoxln  (BTX),  veratrldlne  (VT) ,  scorpion  toxins  and  pumiliotoxin  B  that 


activate  sodium  channels,  induce  the  breakdown  of  phoaphoinositides  in  guinea  pig  brain  synaoto- 
neurosomea  as  assessed  by  accumulstlon  of  inositol  phosphates  in  the  presence  of  Li'^.  The 
responses  can  occur  without  membrane  depolarization  with  scorpion  venoma  and  pumiliotoxin  B. 
Monensln,  a  sodliA  lonophore,  also  elicits  phosphoinosltide  breskdo«m.  Tetrodotoxin,  a  specific 
antagonist  for  sodium  channels,  completely  blocks  the  response  to  scorpion  venom  and  to  pumiliotoxin 


B,  but  not  the  response  to  BTX  or  VT.  The  potencies  of  BTX  and  VT  In  causing  phosphoinosltide 
breakdotm  are  consonant  with  their  potencies  for  activation  of  sodium  channels.  Activation  of 
voltage*dependent  calcium  channels  does  not  appear  to  be  significantly  involved  since  nifedipine 
and  mechoxyverapamil  do  not  significantly  decrease  responses  to  BTX  and  scorpion  venom.  Tetrodo- 
toxin^resistant  channels  In  some  neural  preparations  are  blocked  by  Che  divalent  cation  cadmium  and 
C<|2+  at  200  vM  completely  blocks  BTX  and  scorpion  venom*iaduced  phosphoinosltide  breakdo%m.  At 
this  concentration  Cd^*^  does  not  reduce  phosphoinosltide  breakdown  induced  by  monensln.  carbamyl* 
choline  or  the  calcium  lonophore  ionomycln.  However,  responses  to  norepinephrine  and  histamine  are 
significantly  reduced  in  the  presence  of  Zn^'**  at  200  vN  Induces  a  smaller  inhibition  of  BTX 

response  than  that  caused  by  Cd^'*'.  Other  divalent  cations,  Nl^'*'  and  Sn^***  at  200  pN  do  not  affect 
Che  BTX  response.  Thus,  BTX'-induced  phosphoinosltide  breakdown  may  Involve  Cd^'^-senslclve  sodium 
channels  and  activation  of  calcium  channels  has  a  minimal  role  in  the  response  to  BTX  and  other 
sodium  channel  agents. 
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TWO  POLYPHOSPHATIDYLINOSITIDE  METABOLITES  CONTROL  TWO  K-CURRENTS  IN  NEUROBLASTOMA 
HYBRID  CELLS.  H.  HIGASHIDA  and  D.  A.  Brovm.  NIH,  Bethesda,  MD20205,  U.S.A. 


The  role  of  second  messengers  (inositol  l,4,5>crlspho8phate  and  dlacylglycerol)  on  membrane 
conductance  was  examined  in  voltage-clamped  NG108-15  neuroblastoma  x  glioma  hybrid  cells.  A  brief 
local  application  of  bradyklnln  (BK)  induced  an  ioimedlate  outward  current  lasting  10-20  sec,  which 
then  gave  way  to  a  more  sustained  Inward  current.  The  initial  outward  current  was  a  Ca-dependent  K- 
current,  which  Is  generated  Indirectly  through  the  conversion  of  phosphatidylinositol  4,5-bi8pho8- 
phate  to  inositol  l,4,5-trispho8phate  (IP3)  following  BK  receptor  activation  and  then  by  the  sub¬ 
sequent  release  of  Ca  from  intracellular  stores  by  the  IP3.  The  evidence  for  this  is  as  follows: 

(1)  Intracellular  lontophoretic  injection  of  Ca  or  of  IP3  produced  a  very  similar  outward  current  to 
that  evoked  by  BK.  (2)  Outward  currents  induced  by  BK,  IP3  and  Ca  were  also  pharmacologically  identi¬ 
cal  in  that  all  three  were  very  sensitive  to  the  Ca-dependent  K-current  blockers,  apamln  and  d-tubo- 
curarine,  and  insensitive  to  the  low  concentration  of  tetraethylammonium.  (3)  The  outward  currents 
produced  by  BK  and  IP3  dissipated  after  a  few  minutes'  perfusion  with  a  Ca-free  solution.  The  se¬ 
condary  inward  current  induced  by  BK  resulted  primarily  from  the  inhibition  of  a  voltage-dependent 
K-current  closely  resembling  the  M-current  originally  described  in  sympathetic  ganglion  cells. 
Application  of  phorbol  dibutyrate  produced  a  voltage-dependent  inward  current  and  inhibited  the  M- 
current,  and  thereafter  occluded  the  Inward  current  response  to  BK.  The  result  suggests  a  dual,  time- 
dependent  role  for  these  two  intracellular  messengers  in  the  control  of  neuronal  signalling  by  BK. 


BORDATELLA  PERTUSSIS  TOXIN-SENSITIVE  GTP-BINDING  PROTEINS  COUPLE  ALPHA-2  ADRENERGIC  AND 
GABA'B  RECEPTORS  TO  INHIBITION  OF  NEUROSECRETION  IN  CHICK  DORSAL  ROOT  GANGLION  NEURONS.  G.  G.  Holt  IV, 
R.  M.  Kream,  and  K.  Dunlap,  Depts.  of  Physiol,  and  Anesthesia  Res.,  Tufts  Univ.  Med.  Sch.,  Boston,  MA. 

Norepinephrine  (NE)  and  gamma  aoinobutyric  acid  (GABA)  inhibit  current  flow  through  voltage- 
sensitive  L-type  (long  lasting)  Ca  channels  in  chick  dorsal  root  ganglion  (DRG)  neurons.  This 
inhibition  of  Ca  channel  function  results  from  the  activation  of  alpha-2  adrenergic  and  GABA-B 
receptors  coupled  to  a  cAMP-independent  second  messenger  pathway.  Whole  cell  patch  clamp  recordings 
from  DRG  cells  demonstrated  a  role  for  GTP-binding  proteins  as  signal  transducers  in  the  NE  and  GABA 
receptor-mediated  inhibition  of  L-type  Ca  channels.  The  action  of  the  transmitters  was  blocked  by 
intracellular  dialysis  of  DRG  cells  with  guanosine  5'-0-(2-thiodiphO8phate),  or  by  pretreatment  with 
Bordacella  pertussis  toxin  (PTX,  Holz  et  al.,  Nature  319:  670-672,  1986).  We  now  demonstrate  that 
receptors  with  similar  pharmacological  and  biochemical  properties  mediate  inhibition  of  neuropeptide 
secretion  from  DRG  cells.  NE  (30  uH)  and  GABA  (10  uM)  inhibited  the  electrically-evoked,  Ca-dependent 
release  of  substance  P  (SP,  as  measured  by  RIA  and  authent  icated  by  HPLC)  from  DRG  cell  cultures  by 
46*SX  and  3I>3X,  respectively  (mean  ♦  s.e.m.,  n*81  cultures).  The  action  of  NE  was  blocked  by  (0  uM 
yoFimbine  but  not  10  uM  prazosin  or  kT uM  propranolol,  whereas  the  action  of  GABA  was  not  blocked  by 
50  uM  (*)  bicuculline,  but  was  mlmiced  by  10  uM  (-)  baclofen.  Furthermore,  pretreatment  of  cultures 
with  UO  ng/ml  PTX  completely  blocked  the  ability  of  NE  and  GABA  to  inhibit  SP  release.  We  conclude 
that  PTX-sensitive  GTP-binding  proteins  couple  8lpha-2  and  GABA-B  receptors  to  inhibition  of  L-type  Ca 
channels  and  inhibition  of  Ca-dependent  neurosecretion.  Such  a  presynaptic  mechanism  of  inhibition  may 
explain,  at  least  in  part,  the  spinal  antinociceptive  actions  of  8lpha-2  and  GABA-B  receptor  agonists. 


'36  IN  VITRO  ANO  IN  SITU  PHOSPHORYLATION  OF  A  PRgTEIN  ASSOCIATED  yiTH  VOLTAGE-DEPENDENT 

CALCIUM  CHANN£LT"Fft(W  SKELETAL  RUSCJ^E.  M.  Marlene  Hosey,  Christy  Cooper,  Cliff  O'Callahan,  Mark 
Borsotto,  and  Michele  Lazdunski.  Dept,  of  Biol,  Chem.  4  Structure,  The  Chicayo  Medical  School, 
3333  Green  Bay  Road,  N.  Chicago,  IL  60064  and  Centre  de  Biochemie,  Universite  de  Nice,  Nice,  France. 

The  oljiosphorylatlon  and  dephosphorylation  of  a  protein  associated  with  the  dihydropyridine-sen¬ 
sitive  Ca*^  -channel  was  studied  in  vitro  in  transverse-tubule  membranes  isolated  from  rabbit 
skeletal  muscle,  and  in  situ  in  intact  rabbit  diaphragms.  Exposure  of  T-tubule  membranes  in  vitro 
to  either  cAMP-dependent  or  a  Ca^Vcalmodul In-dependent  protein  kinase  resulted  in  phosphorylation 
of  a  protein  with  properties  similar  to  the  major  component  of  the  skeletal  muscle  calcium  channel. 
The  molecular  weight  of  the  phosphoprotein  was  140  KOa  or  160KDd,  depending  on  the  electrophoretic 
conditions.  The  stoichiometry  of  the  phosphorylation  was  calculated  to  be  0. 4-1.0  mol  phosphate/mol 
protein.  Limited  proteolytic  digestion  of  the  140-160  kDa  protein  that  had  been  phosphorylated  by 
either  or  both  protein  kinases  yielded  a  single  phosphopeptide  of  approximately  b,400  daltons.  The 
Ca^^-dependent  phosphatase  calcineurin  dephosphorylated  the  140-160  kOa  protein  that  had  been  pre¬ 
viously  phosphorylated  by  either  protein  kinase.  In  situ  experiments  were  performed  in  which 
calcium  channels  were  isolated  from  diaphragms  which  had  been  bathed  in  '^^P-containing  Krebs- 
Hensleit  solution.  A  protein  with  properties  similar  to  those  described  above  and  which  co-purified 
with  the  calcium  channel  protein  was  phosphorylated  in  the  Intact  muscle.  The  results  suggest  that 
the  well  known  regulation  of  calcium  channel  activity  by  cAMP  and  Ca^*-dependent  processes  may  occur 
via  the  phosphorylation  and  dephosphorylation  of  the  140-160  kOa  protein  associated  with  the  calcium 
channel . 


137  DimWarriAL  regulation  of  Na+/H+  EXCHANGE  ACTITITf  BY  PROTEIN  KINASE  C.  G.A,  Jaaleson.  Jr.. 

L.L.  Huldoon  and  M.L.  Vllleraal.  Unlv.  of  Chicago*  Chicago,  IL  60637. 

Mitogenic  stiaulatlon  of  q\iieac«it  huaan  fibroblasts  (HSWP  and  WI-38  cells)  stlaulates  the  release 
of  Inositol  phosphates,  aobllizatlon  of  intracellular  calcium  and  activation  of  Na'*’/H^  exchange.  In 
HSWP  cells,  TPA  pretreatment  st^stantially  Inhibits  mitogen^stimulated  inositol  phosphate  release  and 
Na***  influx  (halfomaximal  effect  at  1*2  nM  TPA).  In  digitonin*permeabilized  HSWP  cells,  maximal  release 
of  inositol  phosphates  (or  reXetfe  of  ^^Ca  from  non'«itochondrial  stores)  is  mitogen-  and  GTP-depen- 
dent.  Pretreataent  «rlth  TPA  prior  to  permeabiliration  results  in  substantial  reduction  of  the  mito- 
gen»induced  release  of  inositol  phosphates  and  the  subsequent  release  of  ^^Ca  from  non-mitochondrial 
stores.  In  WI-38  cells,  TPA  treatment  stimulates  Na'*'  influx,  without  stimulating  inositol  phosphate 
release,  presumably  through  the  activation  of  an  endogenous  protein  kinase  C  activity.  In  both  HSWP 
and  WI-38  cells,  down  regulation  of  protein  kinase  C  activity  by  long  term  pretreatment  with  TPA  re¬ 
moves  Che  normal  effector  function  of  TPA  on  Na*^  Influx  (i.e.  the  inhibitory  effect  in  HSWP  cells  and 
the  stimulatory  effect  in  WI-38  cells).  Other  cell  types  have  been  characterized  as  being  responsive 
or  unresponsive  with  regard  to  TPA*s  ability  to  directly  stimulate  Na*^  Influx.  Measurement  of  the 
resting  intracellular  Ca  activity  in  several  cell  types  has  determined  that  cells  which  are  responders 
have  a  significantly  higher  intracellular  Ca  activity  (VI-38;  137  +  17  nM)  vs.  chat  determined  in  non¬ 
responders  (HSWP;  37  +  5  nM) .  These  data  suggest  chat  in  different  cell  types  the  activation  of  Na**’/H^ 
exchange  is  regulated  differently,  even  in  closely  related  cell  types,  and  Chat  one  aspect  of  this 
regulation  may  be  determined  by  the  resting  Ca  activity  of  a  particular  cell  type.  (Supported  by  NIH 
grants  (af-283S9  and  RCDA  AM-011^  (MLV)  and  5T32  G»(-07151  (LLM)). 


'  POSSIBLE  INVOLVEMENT  (F  PHOSPHORYUTION/DEMOSmOKYUTION  MECHANISMS  IN  THE 

REGUUTION  GF  EPITHELIAL  Na+  CHANNELS.  David  S.  Lester.  Carol  Asher  and  Halm  Garty.  Dept,  of  Membrane 
Research,  The  Welzaam  Institute  of  Sclenoe,  Rehovot,  Israel. 

Recent  studies  Indicate  that  epithelial  Na'*‘  channels  are  doMwreguIated  by  a  Ca^'*’  -dependent  process 
CH. Garty  and  C.Asher  (1966)  J .Biol .Chen.  ^:7400].  Oiannel  mediated  Hux  is  low  in  membranes  from  Ca^'*’ 

OIO'^  H)-  p^einotDated  cells,  and  high  in  membranes  derived  from  EGrA-prelncii>ated  cells.  Involvement  of  Ca^^ 
-  dependent  protein  kinases  in  this  process  was  excluded  on  the  basis  of  the  following  results:  (1)  Incubating 
cells  with  Dhorbol  est«*  had  no  effect  on  the  Ca^**  inhibition  constant.  (2)  Trapping  pia'ified  protein  kinase 
C,  ATP,  Ca^  and  phorbol  ester  in  the  isolated  vesicles  did  not  mimic  the  inhibition  induced  by  Incioating 
leiole  cells  with  Ca^^  (3)  The  calmodulin  inhibitor,  trifluoroMrazine,  had  no  effect  on  transport  In  the 
(resenoe  or  absenoe  of  Ca^.fTeliminary  data  indicate  that  Ca^'*’  inhibition  of  transport  may  act  via  a 


dephosphorylatlon  of  a  maabranai  51  KO  phosphoprotein  which  coresponds  to  the  phosphoproteln  reported  by 
Lorens)  et.al.  C<1975).  J.Gen. Physiol.  1533.  This  protein  was  tentatively  identified  as  the  regulatory 
submit  of  cilNP  -dependent^protein  kinase.  Preincubation  of  whole  bladders  with  8Br-cAMP  was  shorn  to  double 
the  channel  mediated  fluxes  in  EUTA-activated  vesicles.  Conditions  of  preincmatlon  (Ca^^  or  EGTA)  also 
affected  the  potency  of  moibranes  to  phosphorylate  histone  fhagaant  2b,  a  specific  cAMP-dependent  protein 
kinase  svR)strate«  (Supported  by  NIH  grant  AH36328  and  U5-Israel  B5F  grant  84-000663. 


1 39  cAMP-SENSmVE  Ca2+-DEPENDENT  K+  CHANNELS  !N  PATCH  CLAMP  STUDIES  OF 

SHEEP  CX)NADOTROPHS. 

R.P.  McIntosh*.  W.T.  Mason,  and  SX.  Sikdar.  AFRC  Institute  of  Animal  Physiology,  Cambridge,  U.K. 

Single  K-*-  channels  of  large  conductance  (~100  pS)  were  observed  in  patch  clamp  studies  on  dii^tersed, 
cultured  gonadotrofdis  from  sheep  pars  tuberalis  as  described  by  Mason  and  Waringt  after  treatment  with 
GnRH  (160  nM)  or  A23I87  (10  (pipette  solution,  125  mM  S  mM  Ca^-^;  bath  solution,  130  mM 
Na'*',  S  mM  Ca^^,  5  mM  K-^).  The  open  time  probability  of  these  channels  in  cell  attached  recording  was 
reduced  in  a  dose  dependent  manner  on  addition  of  dbcAMP.  This  negative  effect  of  dbcAMP  declined  with 
time.  Addition  of  EGTA  to  the  bath  also  reduced  opening  probability  which  could  be  restored  by  Ca2+.  In  a 
particular  example,  10  mM  dbcAMP  reduced  channel  open  probability  from  0.56  to  0.33  (resto^  in  8 
min).  15  mM  EGTA  reduced  open  probability  to  0.02  (restored  by  Ca2''':EGTA  in  the  ratio  3:1).  Similar 
effects  of  cAMP  (2  mM)  were  observed  less  reliably  wiA  Ca^^-dependent  K-^  channels  in  inside-out  patches 
of  gonadotroph  plasma  membrane  (bath  solution  containing  120  K+),  indicating  a  possible  requirement 

for  intracelhilar  components.  cAMP  action  on  GnRH-activated  K+  channels  might  be  expected  to  influence 
intracellular  Ca^-^  levels.  Its  possible  role  in  secretoiy  behaviour  of  gonadotrophs  is  being  investigated. 
Such  channels  are  a  possible  point  of  interaction  of  in-  and  cAMP-mediated  hormone  actions. 
^Neuroendocrinohg/  43, 205  (1986).  *PeiTnaiient  address:  Wellington  Ginkal  School,  New  Zealand. 


140  nn  MD  THE  OLdOM  (BMMH.  IGCNIST  BJU  K  8644  SBIERB1ST1CHU.Y  a.B/ME  RULMSIN  SBOlEriON 

FBOM  PBtIFOSBO  ANTEKIOR  PnUITARy  CELLS.  .TnnAthan  ^  Paehtar.  Greg  J.  Law,  Howard 
BaauBaen,  and  Priadlla  &  Damlea^  ttle  Dnlverslty  Sdioci  at  Medicine,  New  Haireiv  CT  06S10. 

na  (ttyrotropln  releasing  boneone)  stiaulates  prolactin  secretion  froa  anterior  pituitary 
lactotroilis  by  a  neciiania^whidi  is  tbou^t  to  involve  atiaulation  of  ftioephcinoBitide  metaboliai 
and  opening  of  nonbrane  Ca^  dianneis  to  cause  elevation  at  <ytoplasaic  caldua  Iweis  (Mebeochi  tt 
Sj.,  J.  Biol.  Oicai.  2S8,  227).  In  perifusion,  ntB  (1  pN)  elicited  a  rapid  ll.S-fold  stimulation  of 
prolactin  secretion  from  isolated  rat  anterior  pituitaiy  cells  whidi  deccyed  to  a  sustained  level 
only  2*fold  above  basal  secretion  within  6  minuter  Hie  oeldum  Chanel  agaiist  BKl  K  8644  <1  >IM) 
also  stimulated  prolactin  secretion  (7-fold  over  basal)  with  a  similar  decay.  When  added 
simultaneously,  Hffi  and  BJUr  K  8644  were  vnergistic  in  the  stimulation  of  prdactln  secretiok  When 
BAY  K  8644  was  added  daring  the  low  sustained  phase  of  TKH-mediated  stimulation,  its  effect  on 
prdactin  secretion  was  approodmateiy  twice  as  large  as  its  effect  on  previously  mtreated  oella 
In  contrast  to  the  synergism  between  THB  and  BAY  K  8644,  the  calcium  ionophore  A23187  (20  pN) 
stleulated  no  addltlcnal  prdactin  secreticn  when  added  simultaneously  with  1  pM  THB.  furthermore^ 
A23187  was  no  more  efficedous  when  added  during  the  low  sustained  phase  of  TBH-stimulated  secretion 
than  it  was  when  added  to  untreated  cells.  These  results  indicate  that  although  the  prdactin 
response  to  TRH  is  transient,  TIB  also  produces  a  sustdned  Increase  in  the  sensitivity  of  the 
prdactin  secretory  response  to  subsequent  stimdaticn  of  channels.  The  dUferentid  effects 
of  BAY  K  8644  and  A23187  suggest  that  TRH  incrga^s  the  responsiveness  of  Ca^'*'  channds  or  the 
responsiveness  of  prdactin  secretion  to  Ce^^  influxes,  rather  than  increasing  cellular 
responsiveness  to  a  generd  rise  in  cytoplasmic  Ca^  conoentratioa 


CYCLIC  AMP-MEDIATED  PHOSmORYLATION  OF  VOLTAGE  SENSITIVE  SODIUM  CHANNELS  IN 
PRIMARY  Cl  n.Tl  (RRS  OF  RAT  BRAIN  CELLS.  S.  Rotrie  Sl  W.A.  CettenUl.  Dept  of  Phannacology,  Univenity  of 
Washington,  Seattle,  WA  9819S.  The  a  subunit  of  the  ret  brain  voltage-sensitive  Na  channel  is  phosphotylated  by 
cAMP-d^ndent  protein  kinase  in  pur^ied  preparations  and  in  syn^oaomes  (Costa  et  al,  J.  Biol.  Chem.  2SL  7918, 1982; 
2S9. 8210, 1984).  We  ate  studying  pbosphorylation  of  Na  channels  in  primary  culbue  of  rat  brain  cells.  In  back- 
phosphorylatkm  studies,  cells  were  ueaMd  with  drugs  to  inciease  intracellular  cAMP,  solubilized,  and  Na  channels  isolMed  by 
immunoprecipitation.  Purified  Na  channels  were  then  phosphorylated  by  the  catalytic  subunit  of  cAMP-dependent  protein 
kinase  with  32p.ATT  to  incorporate  32p  into  available  cAhff-dependent  phosphorylation  sites.  The  amount  of  32p 
incorporated  is  inversely  proportional  to  the  extent  of  endogenous  phosphmUtion.  Incubation  of  cells  with  forskolin.  8-Br- 
cAMP,  or  isobutylmethylxanthine  inhibited  subsequent  incotporauon  of  32p  into  isolated  Na  channels,  indicating  that 
treatment  of  cells  with  these  drugs  had  increased  endogenous  phosphorylation.  To  examine  the  magnitude  of  bas^  Na  channel 
phosphorylation  and  the  extent  of  stimulation,  the  amount  of  32p  incorporated  into  Na  channels  from  control  and  stirtuilated 
cells  was  compared  to  that  from  nutched  samples  which  had  been  dephosphorylaied  with  calcineurin.  Na  channels  bom 
control  cells  incorporated  2-foid  mote  32p  after  dephmphorylation,  indicating  that  cAMP-dependent  phosphorylation  sites  on 
Na  channels  are  approxitiuitely  50%  phosphorylated  in  the  basal  state.  Ns  charmels  from  for^olin-ueated  cells  incorporated 
5-fold  mote  32p  dephosphorylation,  indicrtting  that  sites  are  approximately  80%  phosphorylated  after  stimulation.  When 
cells  were  metabolically  labeled  with  32p  and  stimulated  with  forskolin,  32p  incorporation  into  Na  channels  wu  increased 
1.5-fold,  in  agreement  with  an  increase  in  overall  phosphorylation  from  50%  to  80%.  Thus,  Na  channels  in  rat  bnun  ceUs  in 
primary  culture  are  phosphorylated,  and  the  extent  of  phosphorylation  can  be  modifted  in  a  cAMP-dependent  manner. 


14;>  VOLTAGE-(»TEO  CALCIUM  ENTRY  INTO  PARAMECIUM  LINKED  TO  cGMP  INCREASE. 

Joachim  E.  Schultz,  Phannazeutisches  Instltut,  74(X}  Ttlblngen,  Hest-Gerrmany 

Inward  calcium  currents  exist  In  many  excitable  tissues  and  are  linked  to  regulation 
of  cellular  processes  such  as  cGMP  production.  In  Paramecium,  a  graded  calclum/potas- 
slura  action  potential  regulates  swimming  behavior.  The  transient  Inwardly  directed 
calcium  signal  triggers  ciliary  reversal,  l.e.  backward  swimming.  A  guanylate  cyclase 
In  Paramecium  is  activated  specifically  by  umolar  concentrations  of  calcium.  The  ED^q 
of  9  uM  calcium  Is  not  affected  by  the  presence  of  1  mM  barium.  Barium  Ions  were  used 
to  Increase  the  excitability  of  the  calcium  channels  by  decreasing  their  rate  of  in¬ 
activation,  thereby  producing  a  more  sustained  calcium  entry.  3  mM  Barium  evoked  a 
rapid,  large,  and  transient  Increase  In  cGMP  In  wlldtype  cells.  Further  evidence  for 
a  link  between  the  Inward  calcium  current  and  cOIP  formation  was  obtained  by  studying 
mutants  with  reduced  ('PAWN')  or  exaggerated  ( 'DANCER')  calcium  currents.  Addition  of 
barium  to  pawns  did  not  stimulate  cOlP  biosynthesis  as  in  wlldtype  cells.  In  dancer 
cells,  addition  of  potassium  elicited  a  sustained  elevation  of  cO(P  levels  correlated 
with  a  large  behavioral  response.  Potassium  Ions  as  a  weak  excitatory  agent  are  almost 
Inactive  with  wlldtype  cells.  We  demonstrate  here  for  the  first  time  an  unequivocal 
link  between  an  Inward  calcium  current  and  an  enhanced  cOfP  production,  l.e.  an  elec¬ 
trical  signal  Is  converted  and  amplified  to  a  biochemical  one.  The  physiological  role 
of  cGMP  In  Paramecium  Is  currently  under  Investigation. 


KCIMSriTUTKM  or  ISOMOTEMNOL  STINUUTEO  tWENTUTE  CYCUSE  ACTIVITY  AM  NOVEL  ElECTROrNYSIOlOCICAL 
AESrOHSES  IN  KENOPtB  LAEVIS  OOCYTES  ATTEN  NICSOINJECTION  Of  NAT  ASTNOCTTONA  C6-2I  MNA. 

Angel  Am«  a»lth  end  fiery  firookcr.  Depertaent  of  iiodMiUtry.  fiaorgeteiei  Unlverglty  Nedicel  Center,  Ueshlnfiton, 
O.C.  20007. 

We  have  purified  MNA  froa  the  ret  eetrocytone  CA-21  cell  line,  idiich  exhlbite  high  level*  of  beta 
adrenergic  receptor  INAN)  eadlatad  adenylate  cyclaae  activity.  NIcroInJactlen  of  thle  MNA  into  Xeneou*  laevie 
oocyte*  yielded  evidence  of  C&-2g  NAN  MNA  trenalaticn  arid  fiaictlenal  Integration  Into  tha  oocyte  eaMrane. 
Surgically  reein'ed  ovarian  oocyte*  are  encapeulatad  by  folllcla  cell*  idilch  eahiblt  MN  coupled  adenylate  cyclaae 
activity.  Thle  cca^lcatad  our  uaa  of  euch  ovarian  oocyte*  for  denanetretlcn  of  nau  receptor  eyntheeie  fellouing 
the  Injection  of  oeegenou*  aMIA.  A  anthod  uee  developed  to  ceapletely  ruin  the  follicle  cell*  froai  the  ovarian 
oocyte*.  Tha  efficacy  of  the  procadura  ua*  conflmad  norpholeglcatly  by  traneailaeion  electron  alcroecopy, 
blochenically  beeauea  tha  oocytae  vara  free  of  NAN  cer^led  cyclaea  activity  arid  electrophyelologlcally  becauee  th^ 
no  longer  hi^erpolarizad  In  raeponea  to  ieoproteranol.  Nlcrolnjactlon  ^  MNA  purified  froai  log  phae*  C6  cell* 
Into  oocytae  folloucd  by  defoltlculation  reeulted  in  tha  racomtitutlon  of  racaptor  aadlatad  adenylate  cyclaae 
activity  In  oocyte  ■aatiranat  pravloualy  devoid  of  auch  activity.  Traiianadirani  electrical  potential*  uer*  aeaaured 
In  ovarian  and  defolllculatad  oocyte*  before  and  after  the  Injection  of  the  aPNA.  INille  ovarian  oocyte*  uer* 
hyperpolarized  by  iaoproterenol,  dafolllculated  oocyte*  uer*  lauaaponalva.  In  defol 1 Iculatod  oocyte*  uhich  had  been 
Injected  ulth  Cd-2g  aHNA,  a  novel  depolarizing  raaponaa  to  Iaoproterenol  ua*  obaerved  auggeating  that  In  addition 
to  Incorporation  of  beta  racaptor  coupled  cyclaaa  activity,  the  C&-2g  aPHA  diractod  the  oocyte  to  ayntheaiz*  an  Ion 
chaml  uhich  could  be  activated  by  laoprotaranol.  Sippertad  by  NIN  firant  No.  28M0. 


144  MECHANISMS  OF  INTERACTION  OF  VASOPRESSIN  (VP)  AND  CRP  ON  PITUITARY  ADENYLATE  CYCLASE. 

A.B.  Abou-Sanra.  J.P.  Harwood,  E.J.  Catt,  G.  Aguilera,  NICHO,  NIB,  Bathaada,  HD  20892 
The  aynergiatlc  action  of  VP  and  corticotropin  releaalng  factor  (CRF)  on  cAMP  production  Involvaa 
Inhibition  of  phoaphodleaceraae  and  atlaulatlon  of  adenylate  cyclaae  (AC)  by  VP,  an  action  which  la 
nlalckcd  by  the  protein  kinaoe  C  (PKC)  activator,  PMA.  To  detemlne  the  Bachanlana  by  which  VP 
pocentlataa  CRF  action  we  analyzed  the  Interaction*  of  PMA,  VP  and  pertuaal*  toxin  (PT)  with  CRF 
upon  cellular  cAMP  and  adenylate  cyclaae  (AC)  actlvltlea  In  cultured  rat  anterior  pituitary  cell*. 
VP  or  PMA  (0.01-100  nM)  alone  did  not  alter  cellular  cAMF  content,  but  narkedly  Increaaed  up  to 
9-fold  the  effect  of  10  nM  CRF  on  cAMP  with  valuea  of  1  nM  VP  and  1.7  nM  PMA.  With  Increaalng 
CRF  concentration*,  10  oM  VP  or  PMA  Increaaed  EH*  naxlavn  cAMP  productl^ without  altering  the  ED,, 
for  CRF  (1  nM).  Maaeuranant  of  AC  In  pituitary  honogenate*  ualng  [a-'’  pjATP  ahowed  a  paradoxical 
Inhibitory  effect  of  VP  but  not  of  PMA  on  baaal  and  CRF-atlaulated  AC  activity,  auggeating  that  the 
VP  receptor  1*  ciwpled  to  an  Inhibitory  guanyl  nucleotide  binding  protein.  However,  In  Intact 
cell*,  following  [''Hladenlo*  labeling  of  endogenou*  ATP  pool*,  aeaaurcaent  of  AC  In  the  preaence  of 
phoaphodleaceraae  Inhibitor*  ahowed  no  affect  of  VP  and  PMA  alone,  but  a  2-fold  potentiation  of  the 
effect  of  CRF.  Slallar  to  PMA,  PT  potentiated  the  effect  of  CRF  on  cAMP  and  ACTH  accretion,  an 
effect  which  waa  not  additive  to  VP,  auggeating  that  the  potentiating  nechanlan  Involvea  auppreaalon 
of  the  Inhibitory  Influence  of  Ml  on  AC.  The  data  auggeat  that  VP  ha*  a  dual  Interaction  with  the 
pituitary  AC  ayaten:  a  direct  Inhibitory  effect,  nanlfeated  only  In  broken  cell*,  nedlated  by  a 
receptor-coupled  guanyl  nucleotide  binding  protein;  and  a  phyalologlcally  predonlnant  Indirect 
atlnulatory  effect  In  Che  Intact  cell,  nedlated  by  PKC  phoaphorylatlon  of  Ml  or  other  coaiponenta  of 
the  CRF-actlvated  AC  ayaten. 


ISOLATION  OF  A  CHO  CELL  LINE  WITH  INCREASED  cAMP  DEPENDENT  PROTEIN  KINASE  ACTIVITY. 
Ii^ne  Abrahan,  John  Hui  and  Judy  Mayo.  Cell  Biology  Department,  The  Upjohn  Company,  Kalamazoo, 
MI  49001. 

Through  the  selection  of  revertants  from  a  Chinese  Hamster  ovary  (CHO)  cell  line  with  a  mutation 
In  the  gene  for  the  RI  subunit  of  the  cAMP  dependent  protein  kinase  (PK  A)  we  have  recovered  a 
cell  line  with  PK  A  activity  higher  than  either  the  mutant  or  wlldtype  cell.  The  original  dominant 
mutant  was  Isolated  on  the  basis  of  Its  resistance  to  the  growth  Inhibitory  effects  of  cAMP 
(Sottesman  et  a1.,  1980,  Somat.  Cell  Genet.  6:45-61;  Singh  et  a1.,  J.  Biol.  Chem.  260:13927-13933) 
and  has  PK  A  type  I  but  only  very  low  amounts  of  PK  f  type  II.  Hlldtype  cells  have  both  PK  A 
type  I  and  PK  A  type  II  activity  In  close  to  equal  amounts.  He  have  transfected  DNA  from  this 
mutant  Into  wlldtype  cells.  One  transfectant,  11564,  has  been  extensively  studied  and  exhibits 
the  characteristics  of  the  original  mutant  (Abraham  et  a1.,  1985,  J.  Biol.  Chem.  260:13934-13940). 
Both  the  mutant  and  transfectant  are  super-sensitive  to  some  antl-mitotic  drugs  such  as  vinblastine, 
colcemfd  and  colchicine,  as  well  as  other  drugs  such  as  puromycln.  He  have  used  this  characteristic 
of  drug  sensitivity  to  Isolate  revertants  from  the  transfectant.  Five  revertants  have  been  selected 
and  characterized  that  have  simultaneously  regained  their  cAMP  sensitivity  along  with  losing  their 
super-sensitivity  to  colcemid.  One  of  the  revertants,  11564  R3.  has  an  Increased  total  PK  A 
activity  as  compared  to  either  the  mutant,  transfectant  or  wlldtype  cells.  The  Increase  In  activity 
co-elutes  with  PK  A  type  I  after  DEAE-Sephacel  chromatography.  This  revertant  is  even  more 
sensitive  to  the  growth  Inhibitory  effects  of  cAMP  than  Is  the  wlldtype,  which  Is  consistent  with 
Its  having  a  higher  level  of  PK  A.  He  are  currently  studying  the  genetic  basis  of  this  revertant. 


cunawN  A  nfiiBns  bso  acnsat  mxmxiuiricK  and  acaxni  kinase  c  Acnvm. 

Alwo.  V.J.  md  Walker.  R.f.  Def^.  of  HMOTwnnlogy,  Nadioal  OaUa^s  of  Bam^lvania, 

RiUadalfhia,  PA  19129. 

t^nphln  A  (Cyn)  ia  a  potant  qpioid  raoaptor  agonist  that  is  hii^y  selective  for  the  kappe- 
gemptor  subtype.  Sims  acae  behavlocBl  affects  of  Oyn  aie  not  levetsed  by  naloeoone  and  resoval 
of  the  tHtatadnel  tycosine  (vhlch  is  neoassaiy  for  opioid  reoeptor  binding)  still  results  in  a 
behavlocally  actiw  peptide,  Dyn  say  be  acting  by  Miltlple  sedianiaBB.  Other  neuronally  active 
peptides  such  as  ACIH  aid  scsertsstatin  bews  as  part  of  their  sechaniaB  of  action,  the  inhibition 
of  the  phoaphacylaticn  of  the  brain  specific,  Icinase  C  siAstrats,  B60  protein.  Ihe  present 
agqpsriieinta  sere  dasigsad  to  iiwMtigirts  the  possibility  that  Dyn  inhibits  BSO  protein 
pboephocylation.  First,  the  affects  of  Dyn  on  the  aidoganous  phoepborylation  of  bso  protein  in 
eyneptoeoaal  pleion  nalimne  (SIM)  mbs  studied.  In  this  systaa,  Dyn  inhibited  BSO  phosphorylation 
with  a  potency  eppradaately  equal  to  ACDi-(l-24) .  Ihis  inhibition  eas  not  reversed  by  the 
Mpeclflc  opi^  antagonist,  nalcaone,  even  at  loO  ilt.  Furthemore,  the  noncpioid  Dyn  fragpant, 
des-tyrosins^-Oynaxphin  A,  also  inhiUted  BSO  phasphotylation  in  SIM.  Second,  Dyn  was  tasted  for 
its  ability  to  inhibit  histone  pbo^hccylation  usiiq  a  partially  punrifiad  Itinase  C  preparation. 
Dyn,  like  ACffi-(l-24) ,  inhibited  the  oalniia-dependHrit,  icinase  C  eK±ivity. 

lhase  results  suggest  that  inhibition  of  protein  Icinase  C  activity  and  inhibition  of  BSO 
phoaphoeylatian  are  possible  sschanlaeB  by  vhich  Dyn  eodiiblts  its  noncpioid  effects. 


nOSHKIfUnON  of  nnOSIlE  HmOClASE  purified  from  rat  smuiw  by  CPLCIIM.  CMM]OU.IIMlB>ENXNr  protein 

KINASE  II  /wnurmti'is  i>  a  mm  wmim: - 

»).L.  Aitcineon.  M.H.  Rtdmnd.  (!.H.  sc)io>er.~lLT.  Kuczenski,  and  T.R.  Soderling.  Hceerd  Hides  Ibdical  Institute, 
VanderiifU  IMversIty.  Neshvine,  1N  37ZS. 

PlMRphaiylattan  of  purified  ret  striatal  tyrosine  lydhylase  ly  purified  caldin,  calsodil In-dependsit  protein  Kinase  II 
has  been  liMStIgeted.  The  celdue  and  caTsodil I ivdEpaidBit  phosphxylatlon  tas  additive  to  the  phosphoiylatlon  catalyzed  ly 
the  cAPP-dependait  proteInJ[Inase,  suggesting  different  sites  of  phoaplwylatlon.  Reverse  phase  ht^  petfonasce  liquid 
chroatograply  of  tiypttc  dsived  froa  hcroslne  lydtsylase  established  that  these  ho  kinases 

phosphovylate  dlffisent  prteanr  sites.  LMted  tiyptlc  digestion  sequentially  tediced  the  sdutlt  1^  fftn  C.OOO  Oa  to 
SRiOn  Oe  and  finally  to  57,000  Da  <Mch  resulted  In  the  loss  of  the  site  phosphorylated  ly  the  Cdt-dpendent  protein  kinase 
M  not  the  site  phcqhoiylated  ly  the  cAPP-dependent  protein  kinase.  Analysis  of  partial  add  lyibolysates  of 
'^Clf-latieled  tyrislne  laidtigylase  Indicated  that  serine  vas  the  only  reside  phaspinylated  ly  either  kinase. 

PhoeplMtyTatlon  ty  the  cAPF-dependent  protein  kinase  directly  activated  tyrmlne  lydixylase  ^  decreasing  the  1^  for  the 
cofactor  b4ietly1tetratydxipteHn.  Phosjhaylatton  of  the  priaery  site  ty  Ca**(OM)-(lependent  protein  kinase  11  W  little 
dinst  kinetic  eftet.  Howver,  tyrosine  lydaylese  phosphorylated  ty  the  Ca^ICAMl-dpovlent  protein  kinase  II  ws 
activated  2-fbld  ly  adtttlon  of  a  partially-purified  ectivator  protein.  This  heat-labile  activator  protein  Increased 
without  affecting  the  Km  for  the  cofactor.  TTe  activator  protein  had  no  effect  on  nonphosphoryTated  tyrosine  lydocylase  or 
on  tyrosine  lycF^Tase  phosphorylated  ly  the  cAPP-dEpenfent  protein  kinase.  The  effect  of  phosphciyTatlon  of  the  activator 
protein  on  Its  ability  to  activate  tyrosine  lydocyTase  has  also  been  Investigated. 


1»8  both  cAMP-OEPENOENT  protein  kinase  isozymes  mediate  PHOSPHORYLASE  activation.  S.J.  Beebe. 

P.F.  BTackenre,  T.D.  Chrlsmn,  and  J.O.  Corbin.  Howard  Hughes  Medical  Institute Cept. 
Molecular  Physiology  and  Biophysics,  Vanderbilt  Medical  School,  Nashville,  TN  37Z3Z 

The  effects  of  cAW  analogs  on  phosphorylase  activation  In  the  absence  and  presence  of  Insulin  or 
EGTA  were  studied  In  Intact  cells.  Because  type  I  and  type  II  1so<yiaes  of  cAMP-dependent  protein 
kinase  (PK)  differ  In  each  of  the  two  cooperative  Intrasubunit  cAMP  binding  sites.  It  Is  possible  to 
cause  a  synergistic  activation  of  one  or  the  other  PK  Isozyne  by  using  Isozyaie-directed  analog  pairs. 
In  bovine  neutrophils  (80-85°/o  type  I),  rat  adipocytes  950/o  type  II)  and  rat  hepatocytes 
(type  I  w  type  II),  type  I-dIrected  and  type  Il-directed  analog  pairs  caused  a  synergisai  of  phospho¬ 
rylase  activation  In  proportion  to  the  relative  ratios  of  the  Isotynes  present  In  the  cells.  How¬ 
ever,  these  typical  responses  could  be  Modified.  The  extent  of  synergism  In  hepatocytes  and 
neutrophils  with  both  Isozya*- directed  prirs  was  greater  when  cells  were  preincubated  with  EGTA  to 
reduce  Intracellular  Cac*.  In  one  serle*  of  hepatocyte  experiments,  preincubation  with  1  nM 
insulin,  vihich  lowers  elevated  cAAP  levels,  was  required  to  demonstrate  synergism  with  type  II 
pairs,  while  responses  to  type  I  pairs  were  unaffected.  When  typical  hepatocyte  preparations  were 
preincubated  vrlth  10  pM  glucagon,  so  that  phosphorylase  was  slightly  activated  and  then  returned  to 
the  basal  level,  synergism  was  observed  only  with  type  I  pairs.  In  contrast  with  the  usual  • 
response.  These  results  do  not  reveal  specific  functions  for  the  two  PK  Isozymes,  but  Indicite  that 
previous  hormone  stimulation  and  intracellular  Cac*  levels  may  modify  the  Isozyme  responses  for 
phosphorylase  activation. 
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IMMUNOLOGICAL  DIFFERENCES  IN  TYPE  IIA  AND  TYPE  I  IB  FORMS  OF  THE  TYPE  II  REGULATORY  SUBUNIT 
S.J.  Beebe,  V.S.  Sheorein,  S,  R«  Cordle.  L.  Wolfe,  and  J.D.  Corbin.  Howard  Hughes  Medical 
Institute,  Molecular  Physiology  and  Biophysics,  Vanderbilt  Medical  School,  Nashville,  TN  37232 
The  type  II  regulatory  subunit  (RID  of  the  cAMP-dependent  protein  kinase  Is  known  to  be  Micro- 
heterogeneous.  One  noaenclature  describing  the  foms  Is  based  on  an  operational  classification 
(Roblnson-Stelner,  A.M.,  Beebe,  S.J.,  Rannels,  S.R.,  and  Corbin,  J.D.  (1984)  J.  Biol.  Che«.  259, 
10595).  RllA  fonts  shifted  after  autophosphoylatlon  to  higher  apparent  Molecular  weight  upon 
SOS-PAGE  but  RUB  fonts  did  not.  RIIA  fonts  were  present  In  the  hearts  of  ungulates  (bovine  and 
porcine)  while  RIIB  fonts  were  present  In  the  hearts  of  rodents  (rat),  legomorphs  (rabbits)  and 
prlMates.  These  two  diverse  groups  of  species  diverged  about  70  Million  years  ago.  In  order  to 
detentlne  If  there  was  an  1aM4nolog1cal  difference  between  RIIA  and  RUB,  several  polyclonal 
antibodies  directed  against  RII  were  purified  froM  the  seruM  of  rabbits  or  guinea  pigs  and 
characterized  by  entyMe-lInked  Intunosorbant  assays  [ELISA],  Innunoprecipitatlon  and  iMiunoblot 
analysis.  A  rabbit  antibody  against  the  bovine  heart  RII  detected  RIIA  fonts  but  did  not  detect 
RIIB  forms.  Guinea  pig  antibodies  directed  against  either  bovine  heart  RII  or  rabbit  skeletal 
muscle  RII  detected  both  RIIA  and  RIIB  fonts.  None  of  the  antibodies  detected  RI  or  the 
cGMP- dependent  protein  kinase.  These  antibodies  were  used  to  quantitate  RII  from  crude  extracts  of 
several  tissues  and  cells  In  culture.  These  results  establish  an  Immunological  basis  for  the 
classification  of  RIIA  and  RIIB  forms. 


'  MODULATION  OF  ENZYMIC  ACTIVITY  OP  3-HYDROXY-3-METHyLGLUTARYL  COENZYME  A  (HMG-CoA) 

REDUCTASE  BY  MULTIPLE  PROTEIN  KINASES  INVOLVING  REVERSIBLE  PHOSPHORYLATION.  Z.H.  BEG, 
J.A.  Stonlk  and  H.B.  Brewer,  Jr.,  Molecular  Disease  Branch,  NHLBI,  NIH,  Bethesda,  MD  20892. 

HMG-CoA  reductase  is  the  rate  Uniting  enzyme  that  regulates  the  synthesis  of  cholesterol  and 
other  poly Isopreno ids.  Proteolysis  of  the  native  Insoluble  enzyme  (MW  100,000)  results  In  a 
soluble  active  fragment  (MW  53,000).  We  have  previously  demonstrated  that  the  enzymic  activity 
of  HMG-CoA  reductase  la  nodulated  in  a  blcycllc  cascade  system  Involving  reversible 
phosphorylation  of  both  HMG-CoA  reductase  and  reductase  kinase.  In  addition  to  the  reductase 
kinase  system,  we  have  recently  Identified  two  new  systems  for  the  short-term  regulation  of 
HMG-CoA  reductase.  Protein  kinase  C  and  a  calmodulin-dependent  kinase,  purified  from  rat  brain 
cytosol,  were  able  to  phosphorylate  and  concomitantly  inactivate  both  native  and  soluble  purified 
HMG-CoA  reductase.  Incubatl^!^  of  phosphorylated  '^P-HMG-CoA  reductase  with  phosphatase  was 
associated  with  the  loss  of  P  and  reactivation  of  inactive  enzyme.  Maximal  phosphorylation  of 
purified  HMG-CoA  reductase  by  two  kinases  involved  the  introduction  of  approximately  one  mol  of 
PO^/mol  of  native  enzyme  (MW  100,000).  Ca^  ,  calmodulin-dependent  kinase  Is  able  to 
phosphorylate  two  different  sites  In  the  RMG-CoA  reductase  molecule.  The  elucidation  of  multiple 
kinase  systems  for  the  modulation  of  HMG-CoA  reductase  by  covalent  phosphorylation  provides  new 
Insights  into  the  molecular  mechanisms  involved  In  the  short-term  regulation  of  cholesterol 
synthesis. 


151  PROTEIN  PHOSPHORYLATION  IN  PRIMARY  ASTROCYTES  D.  Benzll  and  J.P.  Bressler,  NIH,  Beth,  MD 

Astrocytes  are  known  to  respond  to  epidermal  growth  factor  (EGF),  fibroblast  growth  factor  (FGF), 
phorbol  myristate  acetate  (PMA),  and  cAMP  stimulators  such  as  forskolln.  This  response  includes  a 
phosphorylation  cascade  which  may  then  be  involved  In  growth  regulation.  The  objectives  of  this  study 
are  to  determine  the  phorphorylation  substrates  of  PMA,  EGF,  FGF,  and  forskolln  in  primary  rat  astro¬ 
cytes  and  to  determine  If  these  substrate  sets  are  unique  for  each  factor.  Primary  rat  astrocytes  were 
prepared  from  1-2  day  old  rat  cerebral  cortex  and  used  7-10  days  later  after  shaking.  Mlniwell  cul¬ 
tures  were  Incubated  with  [32)Pi  and  then  stimulated  with  PMA,  F.GF,  FGF,  forskolln,  or  solvent.  The 
reaction  was  quenched  with  cold  PBS  washes  and  the  proteins  precipitated  with  TCA.  Samples  were  re¬ 
suspended  In  SDS  buffer  and  subjected  to  SDS-polyacrylamide  gel  electrophoresis.  Gels  were  silver 
stained  and  prepared  Cor  autoradiography.  Autoradiographs  were  analyzed  by  cutting  out  bands  followd 
by  liquid  scintillation  spectroscopy.  Induction  of  protein  phosphorylation  for  the  various  factors  Is 
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shown  In  the  figure.  The  protein  substrates  Identified 
In  these  studies  may  play  a  role  In  regulation  of  glial 
growth.  Three  of  these,  PMA,  EGF  and  FGF,  stimulate 


FACTOR  astrocyte  growth  though  the  former  two  act  primarily 

PMA  *  *  *  e  through  different  kinases.  The  25K  protein  is  Induced 

EGF  *  *  *  by  all  three  of  these  factors  but  not  by  forskolln  sug- 

Forskolln  *  *  *  *  gestlng  this  protein  may  have  a  function  in  glial 

FGF  *  e  *  *  growth  regulation  but  phosphorylation  is  distal  to  the 

primary  effect  of  the  receptor  kinase. 


A  protein  kinase  which  phosphorylates  aminoacyl-tRNA  synthetase  protein 
has  been  purified  by  affinity  chromatography  and  gel  electrophoresis.  The  protein 
kinase  phosphorylates  21  of  28  (Coomassie,  Ag)  bands  obtained  by  purifying  amino- 
acyl-tRNA  synthetases  from  mouse  liver  by  gel  filtration  and  affinity  chromato¬ 
graphy.  The  individual  synthetases  were  located  on  the  gel  by  zymogram  technique. 
Purity  of  bands  were  controlled  by  two  dimension  electrophoresis.  The  activities 
of  alanyl-.  arginyl-,  glutamyl-,  histidyl-,  iso-leucyl-,  leucyl-,  lysyl-,  methionyl-, 
phenyl-,  alanyl-,  tyrosyl-,  and  valyl-tRNA  synthetases  decreased  up  to  80*  after 
phosphorylation,  whereas  the  activities  of  asparaginyl- ,  aspartyl-,  prolyl-,  seryl-, 
and  threonyl-tRNA  synthetases  increased. 

Berg,  Berit  Helene 


ALTERED  SUBCELLULAR  DISTRUBITTION  OF  PULMONARY  PROTEOLYTIC  ACTIVITY  FOLLOWING  TREATMENT  OF 
MICE  WITH  BUTYLATED  HYDROXYTOLUENE,  Elliott  J.  Bliaenthal  and  Alvin  M.  Malklnson,  Univer¬ 
sity  of  Colorado,  School  of  Pharmacy,  Boulder,  Colorado  80309. 

The  antioxidant,  butylated  hydroxytoluene  (BHT),  causes  lung  toxicity  In  alee  and  subsequent 
regenerative  repair.  Under  certain  injection  regimes  It  can  modulate  lung  adenoma  development.  BHT 
treatment  lowers  pulmonary  cytosolic  Ca'*^-actlvated  neutral  protease  (calpaln)  activity  and  increases 
Che  activity  of  an  endogenous  Inhibitor,  calpastatin,  both  In  a  dose-dependent  manner.  The  decrease 
in  calpaln  activity  cannot  be  entirely  accounted  for  by  Che  Increased  calpastatin  activity  since  upon 
separation  of  these  proteins  by  DEAE  colian  chromatography  the  amount  of  calpaln  activity  from  BHT- 
treated  mice  remains  lover  than  the  corresponding  peak  from  control  mice.  Decreased  calpaln  activity 
occura  1  day  following  BHT  administration.  Is  maximally  low  level  at  4-7  days,  and  returns  to  normal 
levels  by  day  21.  BHT  also  Increases  formation  of  a  37  K  degradative  product  of  cAMP-dependent 
protein  klnaae  regulatory  (R)  subunit.  This  alteration  is  also  dose-  and  time-dependent,  exhibiting 
changes  at  a  dose  Chat  does  not  cause  any  observable  toxic  effects.  Dissociated  R-subunlts  are  more 
susepclble  to  degradation  by  calpaln,  but  BHT  treatment  does  not  enhance  R-subunlt  dissociation  from 
the  holocnzyme.  Rather,  there  appears  to  be  Increased  R-subunlt  proteolysis  associated  with  the 
membrane  fraction  of  BHT  created  mouse  lung  tissue  homogenates.  Additionally,  Increased  Ca'*^-lndepen- 
dent  proteolytic  activity  was  observed  In  the  particulate  fraction  of  lung  extracts  after  BHT  treat¬ 
ment.  This  protease  Is  inhibited  by  calpastatin,  leupeptln  and  E-64,  which  are  known  to  Inhibit 
ca^aln.  He  hypocheslie  that  BHT  treatment  stimulates  calpaln  translocation,  and  Chat  In  this  process 
Ca'*~^  Is  no  longer  required  for  calpaln  activation.  (Supported  by  USPHS  grants  ES02370,  CA33497  and 
RCDA  CA00939.) 


1S4  MUTATIONS  AFFECTING  THE  CATALYTIC  SUBUNIT  OF  CAMP-DEPENDENT  PROTEIN  KINASE 

S.Botterell,  D. A. Jans  and  B .  A  .Hemtiilngs  ,  Friedrich  Miescher-Institut ,  P.O. 

Box  2543,  CH-4002  Basel,  Switzerland. 

Using  forskolin  and  isobutylnethylxanthine  as  selective  agents,  a  number  of  mu¬ 
tants,  resistant  to  the  cytotoxic  effects  of  cAMP ,  were  isolated  from  the  porcine  kid¬ 
ney  epithelial  cell  line,  LLC-PK^.  Two  of  the  cAMP-reslstant  mutants,  FIB4  and  FIB6, 
had  altered  cAMP-dependent  protein  kinase  (cAMP-PK),  resulting  in  a  90*  reduction  of 
activity  compared  to  wild  type.  The  residual  cAMP-PK  activity  was  associated  almost 
entirely  with  the  type  II  holoenzyme,  and  showed  normal  affinity  for  cAMP ,  normal 
affinity  for  the  substrates  ATP  and  Kemptide,  and  normal  in  vivo  regulation.  Analysis 
of  C  subunit  levels  using  a  polyclonal  antibody  revealed  that  the  mutants  produced 
approximately  normal  amounts  of  Immunoreactive  protein.  The  results  suggest  that  the 
low  kinase  activity  in  the  mutants  is  due  to  either  a  mutation  in  the  gene  for  the 
C  subunit  or  in  a  gene  encoding  an  enzyme  involved  in  posttranslational  modification 
of  the  C  subunit.  Somatic  cell  hybrids  were  formed  between  wild  type  and  mutant  cells 
and  analyzed  for  complementation  of  the  mutation.  The  hybrids  possessed  cAMP-PK  ac¬ 
tivity  intermediate  between  mutant  and  normal  parents,  associated  with  both  type  I 
and  type  II  cAMP-PK,  The  mutation  was  thus  expressed  codominantly  in  the  presence  of 
the  normal  allele.  The  nature  of  the  mutation  is  currently  being  investigated  at  the 
molecular  level  using  cDNA  clones  for  the  porcine  C  subunit. 
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EXPRESSION  AND  HUTAGENESIS  OF  1UE  TYPE  I  REGULATOBY  SUBUNIT  OF  cAMP-UEPENDENT  PROTEIN 
KINASE.  Jose  Lekshni  D.  Sarasvat,  and  Susan  Taylor.  Department  of  Chemistry, 

University  of  California,  San  Dieoo.  La  Jolla,  CA  92093*  _ 

A  cDHA  clone  containing  the  coiplete  coding  sequence  of  the  bovine  type  I  regulatory  subunit  (R^)  of 
cAtff  dependent  protein  kinase  has  been  ligated  into  the  expression  vector,  pUC7.  The  expressed  R-8id>init 
was  visualized  by  photolabeling  %rlth  8-N.[52p]cAMP  following  electrotransfer  from  SDS-polyacrylamide 
gels  CO  nitrocellulose  or  by  ImAoblotting  using  anti^R^  serum  antibodies.  The  expressed  R-8ti)ixilt  was 
functionally  indistinguishable  from  R^  purified  from  porcine  skeletal  muscle  even  though  the  expressed 
R-subunit  represents  a  fusion  protein  that  contains  10  additional  amino  acids  at  the  NH2-cermlnu8  that 
ate  provided  by  the  lac2  gene  of  the  vector.  Maximum  expression  of  R-stAiaiit  (20  mg/liter  of  cxilture) 
was  seen  in  E.  coll  222.  Oligonucleotide-directed  mutagenesis  of  Che  R-st*iailt  was  initiated  In  order 
Co  better  understand  structural  changes  that  are  induced  as  a  consequence  of  cAMP  binding.  The  site 
that  was  targeted  for  mutagenesis  was  identified  Initially  by  photolabeling  %rith  S^^cAMP  which  leads 
to  nearly  stoichiometric  modlficstlon  of  Tyr  371.  In  order  to  establish  whether  there  exists  a  dipole- 
dipole  Interaction  between  the  adenine  ring  of  cAMP  bound  to  the  cAMP-blnding  domain  B  and  Tyr  371 ,  a 
single  base  change  wes  introduced  so  that  the  mRNA  now  codes  for  a  phenylalanine  instead  of  a  tyrosine 
at  position  371.  Introduction  of  this  change  yields  a  stable  protein  with  altered  cAMP  binding  proper¬ 
ties:  1)  the  apparent  Kd  (cAMP)  was  shifted  from  16  nM  in  the  wild  type  to  60  nM  In  the  mutant;  2) 
Scatchard  plots  showed  no  cooperatlvity  between  the  cAMP  binding  sites  in  the  mutant,  in  contrast  to 
the  positive  cooperatlvity  chat  la  observed  for  the  wild  type  R^;  and  3)  the  Hill  coefficient  of  1.6 
for  the  wild  type  R-subunlc  was  reduced  to  0.99. 

(Supported  by  Public  Health  Service  Grant  34921). 


1S6  INHIBITION  OF  THE  BETA-ADRENERCIC  RESPONSE  AND  FORSKOLIN  RESPONSE  BY  PROTEIN  KINASE  C 

ACTIVATORS  TN  C6  RAT  GtIcmA  CELLS  J.P.  Bressler  and  P.  Tinsley,  NIH,  Bethesda,  Maryland 

In  the  C6  rat  glioma  cell  line,  cAMP  is  an  important  intracellular  signal  for  the  expression  of 
differentiated  properties.  Glial  proteins  such  as  S-100  proteins,  glial  fibrous  acidic  protein,  and 
to  some  extent,  glycerol  phosphate  dehydrogenase  (GPDH),  are  Inducible  when  intracellular  cAMP  levels 
are  raised.  Phorbol  ester  (PE)  tumor  promoters  and  diacylglycerols  (DG)  inhibit  the  expression  of 
GPDH  induction.  PE  and  DC  both  activate  the  protein  kinase  C  and  bind  to  the  same  site  on  the  protein. 
PE  also  inhiblca  the  beta-adrenergic  response  in  C6  cells  and  this  ability  to  accentuate  cAMP  levels 
may  be  responsible  for  inhibiting  GPDH  induction.  Since  PE  may  also  modulate  cellular  functions  by 
protein  kinase  C  independent  mechanisms,  we  have  asked  whether  elevated  DG  levels  lead  to  an  inhi* 
blCion  in  the  beca*adrenergic  response.  Ue  have  also  tried  to  localize  the  site  at  %fhich  the  inhl* 
blton  is  mediated.  In  C6  cell#  DG  can  be  elevated  2-fold  by  incubating  the  cells  with  either  phospho¬ 
lipase  C  or  2-bromooccanoate .  Under  these  conditions*  the  beta-adrenergic  mediated  increase  in 
cAHP  levels  was  inhibited.  2-bromoocCanoate  and  phospholipase  C  exhibited  an  ED  50  of  ImM  and  0.03 
units/ml*  respectively.  The  forskolin  response*  which  is  distal  to  the  receptor,  was  inhibited  50Z 
when  cells  «rere  incubated  with  phospholipase  C  at  0.02  units/ml  and  40Z  when  incubated  with  phorbol 
12,13*  myrlstate  acetate  at  20  nM.  The  attenuated  response  to  these  agonists  was  not  due  to  elevated 
phosphodiesterase  levels.  From  these  studies  tre  conclude  that  the  protein  kinase  C  is  involved  in 
Che  inhibition  of  the  beta-adrenergic  response  in  C6  rat  glioma  cells.  In  addition*  the  site  of 
inhibition  is  probably  localized  at  the  regulatory  proteins  and/or  catalytic  subunit  of  adenylate 
cyclase. 


1S7  CAUDATE  NUaEUS  PROTEIN  PHOSPHORYLATION:  ACTIONS  OF  lEUROTENSIN.  Sentt  T.  Cain  and 

Charlms  B*  Namaroff^  Dapartmants  of  Psychiatry  and  Pharmacology*  Duka  University  Madical  Canter* 
Durham*  N*  C.*  27710. 

The  brain-gut  tr Idecapeptide*  neurotensin  (NT)  (p6lu-Leu-TyiM»lu-Asn-tys-Pro-Arg"Arg-Pro-Tyr- 
lle-Leu-OH)  Is  heterogsneously  distributed  In  the  brain.  NT  has  many  of  the  properties  of  a 
naurotransmltter/nauromodulator  such  as  synaptosomal  local  Izatlon*  calcium-dependent  relaasa  and 
specific*  saturable*  high  affinity  binding  to  brain  maabranes.  However*  details  of  the  processes 
underlying  transduction  of  the  NT  signal  ara  sparse.  Therefore*  In  view  of  Its  ubiquitous 
regulatory  role  In  cellule*  function*  we  have  Initiated  a  series  of  studies  designed  to  elucidate 
the  role  of  protein  phosphoryletlon/dephosphorylatlon  In  mediating  the  coupling  of  NT  receptor 
binding  and  function. 

Ne  have  reported  that  after  phosphorylation  of  rat  caudata  nucleus  synaptosomes  with  500  uM  ATP* 
NT  alters  the  amount  of  phosphata  Incorporated  Into  a  TCA-precIpItatable  protein  fraction  (Cain  and 
Nemtroff*  M-Y>  In  press).  We  have  now  studied  the  effects  of  NT  (1.6  uM)  on  calcium 

(0.5  id<l)-stlmuleted  phosphorylation  In  synaptosomal  men^ranes  alone  and  synaptosomal  menfrranes 
reconstituted  with  synaptosomal  cytosol.  NT  caused  no  significant  change  In  the  megni^de  of 
celclum-stimulated  phosphorylation  In  either  fraction.  In  synaptD|omal  aeibrenes*  Ca  alone 
stimulated  phosphorylation  222$  while  In  o^lnetlon  with  NT*  Ca  stlwlatton  was  203$  of 

basal.  In  the  reconstituted  fraction*  Ce  -stimulated  phosphorylation  was  293$  of  control  vs. 
312$  In  combination  with  NT.  Nork  Is  In  progress  to  determine  and  charactertza  Individual 

phosphoprotelns  which  are  responsive  to  NT.  Supported  by  NIMH-39415  end  NIMIV1 51 77-09, 
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ROLE  OF  PROSTAGLANDINS  IN  TBS  INTERCELLULAR  HODULATIQN  OF  PROTEIN  PBOSPHORYLATIOM  IN  TOE 
LIVER. 

Eric  Casteleijn,  Johan  Kuiper,  TOeo  J.C.  van  BerJcel  and  Johan  F.  Koster,  Oept.  of  Biochemistry  I, 
Erasmus  University,  P.O.Box  1738,  3000  OR  Rotterdaun,  The  Netherlands. 

In  different  liver  cell  types,  the  hormonal  control  of  protein  ^osphorylation  and  its  role  in  inter*^ 
cellular  conmunication  was  studied.  Different  rat  liver  cell  t^pes  i.e.  parenchymal,  Kupffer  and  endo¬ 
thelial  cells  were  isolated  (1).  After  4  h  incubation,  media  with  Kupffer  or  endothelial  cell  secre¬ 
tory  products  were  collected.  In  parenchymal  cells  loaded  with  ^^PO^,  a  5  min  challenge  with  ccxidi- 
tioned  media  from  Kupffer  or  endothelial  cells  resulted  in  a  decreased  phosphorylaticm  state  of  a 
Mw  67000  phosphoprotein  and  an  increased  phosphorylation  state  of  a  Hw  45000  phosphoprotein.  These 
changes  could  also  be  brou^t  about  by  prostaglandins  emd  E2»  both  known  to  be  produced  by  non- 
parenchymal  cells.  Non-parenchymal  cell  media  and  prostaglandins  El,  E2  and  D2  also  decreased 

the  amount  of  P  detected  in  a  Mw  65000  phosphoprotein,  secreted  by  parenchymal  liver  cells  (2).  It 
is  ccxicluded  that  changes  in  the  phos^orylation  state  of  parenchymal  cell  proteins  can  be  brought 
about  by  secretory  products  from  Kupffer  and  endothelial  liver  cells.  This  raises  the  possibility 
that  hormonal  signals  on  liver  parenchymal  cells  may  be  mediated  second  signals  from  Kupffer  and  endo¬ 
thelial  cells,  leading  to  the  concept  of  cellular  ccoBunication  in  hormonal  signal  transduction. 

1.  Nagelkerke,  J.P.,  Barto,  K.P.  and  Van  Berkel,  Th.J.c.  (1983)  J.  Biol.  Chem.  2M:  12221-12227. 

2.  Le  C^ull,  A.,  Hagnaldo,  I.,  Le  Cam,  G.  and  Auberger,  P.  (1985)  J.  Biol.  Chem.  260;  15965-15971. 
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-  R.J.  Colbr»i.  C.H.  sanprer.  and  T.H.  Soderllna.  Hnird  rtiaies  l*aical  instTStg.  ot  wnlmiiw  giolay  imH 

Blopti^lcs,  TanderWlt  UMversI^,  ftetwille,  IN  3K31. 

jmtatfon  of  Ca^(Ca1aati1fn)-depmiBnt  protein  kinue  II  pirlfled  fha  ntbit  liver  with  Ce^,  calaodilln  (CM), 
Ct^>1P  and  nTesiM  acetate  leads  to  tlie  Incorporetlon  of  pho^Aate  Into  botti  SlkDa  and  S3d)a  submits  of  tie  en^ae  to 
sinilar  extents.  The  «x1au  Incorpcretlon  ctserved  ms  M  nles  ptiosphate  /  mle  protein  kinase.  During  this  Inaiatlan 
the  kinase  Is  cxnverted  fraa  Its  native  Ca^>  and  CaM-dqiendEnt  fane,  to  a  fOra  tMdi  eidilbits  as  such  as  Kfi/o  of  the 
naxlu  activity  even  In  the  presence  of  excess  ESTA.  Severel  lines  of  evidence  Indicate  that  this  Ca^-lndependent  fane  Is 
generated  ty  autophosphurylatlon  of  the  kinase  (Sdmrer  et  a).,  1966  J.  Biol.  Choa  'In  press'). 

Ue  Here  Interested  In  Identitying  specific  autophosphor^faflon  sites  that  id^  be  responsible  for  this  transition.  De 
ttexIaBlIy  phosphorylated  kinase  ms  siit)ected  to  SDS-po1>ecry1asride  gel  electroptaesis  to  Isolate  the  txo  aUxailts. 

Follwlrq  extraction  of  the  protein  fVoai  the  gel,  each  sriMilt  ms  siAjected  to  tryptic  digestion  folloMd  ty  rewerM-phese 
IRC.  Four  taajor  phosphopeptldes  *ere  detected  In  digesu  of  the  SIkDa  siJxjilt.  Tryptic  phosphopapttdes  rrilh  IdmtIcaT 
retention  tiaes  Here  also  obse^  In  digests  of  the  sakOe  sUuilt  and  an  additional  phosphopcptlde  hbs  also  present  In  these 
digests.  Generation  of  the  (>|2*.^ndEpendent  ftrsi  of  the  kinase  hbs  essentially  copTete  wllhln  T  aln,  idten  approxlatately  1 
aole  phosphate  /  raole  kinase  hbs  Incorporated.  Itedaue  phosphat^ncorporatlon  hbs  achieved  only  after  an  additional  15  ten 
of  Inodatlon.  Exaarinaticn  of  the  tlrae  course  of  appearance  of  3^-pept1de$  In  each  stixfilt  revealed  that  phosphorylation 
of  one  of  the  peptides  fomd  In  digests  of  both  sUxnIts  hbs  essentially  cntplete  ty  1  ten,  a  ttee  that  correlated  closely 
Hllh  the  observed  change  In  erityre  activity.  Appearance  of  the  other  ^-peptides  otxured  over  a  rtuch  longer  ttee 
Interval.  These  data  suggest  that  this  one  rapidly  wtophosphorylated  site  rtey  be  very  luxirtant  In  trensitlon  of  tte  kinase 
to  the  Ca^-lndependent  fonn.  Opported  In  part  ty  NW  Qant  M78GB. ) 


A  UIHFYING  MODEL  FOR  THE  ROLE  OF  RETINOIDS  AND  THEIR  RECEPTORS  AS  DIRECT  KINASE 
CONTROL  FACTORS  IN  VISION  AND  CYTODIFFERENTIATION.  F.O.  Coca.  Southern  Resaareh  bixtitute. 
Birmingham,  AL  3Sg5$-$30$,  D.S.A.  - 

Retinoids,  including  retinoic  acid,  have  been  shovrn  to  have  strong  antitumorlgenic  potential  In  vivo, 
particularly  when  the  tumor  model  system  is  dependent  upon  the  activation  protein  kinase  C  (PK-C).  Wt  law 
demonstrated  that  the  antitumorlgenic  potential  ot  retinoids  is  eloeely  linked  to  a  fast-aetii«  membrane- 
associated  signal  transduction  system  (like  the  PK-C/phosphoinoaitol  system)  and  that  retinoid  efficacy  is  time- 
and  concentration-dependent  with  regard  to  activation  of  the  PK-C  enzyme.  Moreover,  we  have  found  that 
numeroua  holo-form  retinoid-binding  proteins  can  inactivate  PK-C  while  the  apo-forms  are  substrates  for  the 
kinase;  3)  that  retinoids  can  induce  a  translocation  of  PK-C  in  neural  cells;  3)  that  retinoids  can  inhibit  W-C  in 
vivo;  and  4)  that  holo-form  retinoid  receptors  affect  the  affinity  of  PK-C  for  Its  ligan<te  (Ca”  and 
phosphatidylserine)  and  vice  versa.  Based  on  these  data  and  others,  we  wUl  present  a  unifyii^  model  for  retinoid 
function  in  vision  and  cytodifferentiation  which  accounts  for  the  antagonistic  function  of  retinoids  to  PK-C  in  Me 
cell  cycle  and  also  demonstrate  that  this  antagonism  is  the  basis  for  the  retinaldehyde  and  retinoi/PK-C/Ce  - 
dependent  dark  adaptation  in  the  visual  cycle.  This  model  also  suggests  that  the  ehromophore,  rhodopein,  evolved 
not  only  because  of  Schiff  base  potential  but. also  because  of  the  ability  of'  retinaldehyde  to  regulate  PK-C  and  the 
concomitant  translocation  of  PK-C  with  Ca*  . 

Likewise,  the  other  retinoids,  retinol  and  retinoic  acid  (the  reduced  and  oxidized  products  of  retinaldehyde, 
respectively),  as  well  as  their  holo-reeeptors  function  to  modulate  PK-C  activity  as  this  activity  is  necessary  or 
not  in  cell  cycle  and  cytodifferentiation.  (This  research  is  supported  ^  NIH  Orants  CA34968  and  CA40894.) 
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PROPERTIES  OP  PROTEIN  KINASE  C  PROM  AORTA.  K.R.  Dell  and  D.L.  Severson,  Department  of 
Phamacology  and  llierapeutlcs,  (telversity  of  Calgary,  Calgary,  Alberta  r2N  <iNl. 

The  objective  of  our  work  Is  to  purify  the  Ca'*^'  and  phospholipid-dependent  protein  kinase  (kinase 
C)  from  the  media  of  aortas  because  kinase  C  may  have  a  role  in  the  proliferation  of  smooth  muscle 
cells  seen  in  atherosclerosis.  Kinase  C  has  been  partially  purified  from  the  media  of  bovine  aortas 
by  chromatography  on  DEAE-Sephacel  and  Ultrogel  AcA-34.  Enzyme  activity  was  assayed  by  measuring  the 
incorporation  of  ^^P  from  [y-^^P)ATP  into  lysine-rich  histone  or  chicken  gizzard  vlnculin,  a  cyto- 
skeletal  protein  that  is  a  physiological  substrate  for  kinase  C.  With  vlnculin  as  substrate, 
specific  activities  of  66-267  pmol  P^  Incorporated/mln/mg  were  obtained,  an  increase  of  14-  to  20- 
fold  over  activity  in  the  high  speed  supernatant.  With  histone,  specific  activities  of  up  to  1.57 
nmol/min/mg  %rere  measured.  The  enzyme  was  both  phosphatldylserine  (PS)-  and  Ca^'^'-dependent  with 
both  substrates.  The  for  PS  in  the  ^eaence  of  was  20  ug/ml  and  enzyme  activity  increased 

over  the  concentration  range  of  10^-10^  K  Ca^*^.  The  addition  of  diolein  (3.2  ug/ml)  Increased 
enzyme  activity  3.4-fold  at  M  Ca^'*’  with  histone;  the  diolein  effect  at  10'^  M  Ca^'*'  was  less. 
Using  vlnculin  as  substrate,  diolein  Increased  kinase  C  activity  l.S-fold  at  10~^  M  Ca^***.  la  con¬ 
clusion,  kinase  C  from  bovine  aorta  phosphorylated  the  physiological  substrate  vlnculin  in  a  PS-  and 
Ca^'^’-dependent  manner.  The  addition  of  dioleln  further  stimulated  this  phosphorylation.  Platelet- 
derived  growth  factor  (PDGF)  stlsRilates  the  metabolism  of  phosphatidylinositol  and  the  production  of 
diacylglycerol.  This  suggests  a  link  between  kinase  C  activation  and  the  stimulatory  effect  of  PDGF 
on  vascular  smooth  muscle  cell  proliferation.  This  work  was  supported  by  a  grant  from  the  Alberta 
Heart  Foundation. 


PRIMARY  SCREENING  FOR  EVALUATION  OF  POTENTIAL  CALMODULIN  ANTAGONIST:  COMPARISON  OF  METH  ns 
P.R.M.  Dobson,  S.F.  Pong*.  S.M.  Demuth*.  G.  Bums  &  B.L.  Brown  ^Norwich  Eaton  Pharmaceuticals. 

Norwich,  NY  and  Dept,  of  Human  Metabolism  &  Clinical  Biochemistry,  Univ.  of  Sheffield. 

Sheffield.  U.K. 

The  ubiquitous  calcium  binding  protein,  calmodulin  (CaH)  regulates  may  calcium- 
medlcatad  events.  Thus,  modification  of  the  activity  of  CaM  would  have  profound  biological 
consequencea .  Hoveovar  the  possibility  exists  that  specific  CaM  antagonists  might  have  therapeutic 
potential  In  various  disorders.  Most  CaM  "antagonists"  currently  available  also  interact  with  other 
calcium  binding  proteins  including  protein  kinase  C.  In  an  attempt  to  develop  a  simple  screening  test 
for  CaM  antagonists,  prior  to  datermining  their  specificity,  we  have  evaluated  two  distinct  assay 
systems;  a  ^H-CaM  binding  and  CaM-dependent  phosphodiesterase  assays.  The  binding  assay  utilized  rat 
brain  synaptosomal  membraneslBBA  7^  84-92  1982).  The  CaM - dependent  phosphodlestrase  (PDE)  was 
prepared  from  pig  brain  (Adv.  Cyclic  Nucl.  Res.  ^  69-92  1979).  Assay  of  known  CaM  antagonists  In 
both  systems  produced  results  which  correlated  slgnlficsntly  with  those  in  the  literature.  A  total  of 
126  compounds  w«re  screened  in  the  binding  ssssy  and  32  Inhibited  binding  by  more  than  50%  (at  50  uN) . 

Of  the  32  active  compounds,  24  were  subjected  to  the  CaM-dependent  PDE  assay.  All  compounds  active  In 

the  binding  assay  were  also  active  in  the  PDE  assay.  The  PDE  assay  also  detected  several  agents  which 
Inhibited  basal  activity  (le  without  CaM);  the  results  with  these  agents  did  not  correlate  well 
between  assays.  Ve  conclude  that  both  assays  are  reliable  and  suitable  tests  for  the  screening  of 

potential  CaN  antagonists.  The  binding  assay  Is  simpler,  however,  the  PDE  assay  can  identify  PDE 

inhibitors  in  addition  to  CaM  antagonists. 


163  A  SIMPLE,  RAPID,  AND  SENSITIVE  COLUMN  METHOD  FOR  ASSAYING  PROTEIN  KINASE  ACTIVITY 

John  J.  Egan,  Mln-Kun  Chang,  and  Constantine  Londos.  NIDDK,  NIH  Bethesda,  MD  20892 
The  measurement  of  cyclic  ANP^dependent  protein  kinase  (A-kInase)  activity  in  cellular  prepara- 
tions  often  depends  upon  the  use  of  time-consuming  and  cumbersome  assay  methods  (filtration).  Alter¬ 
natively,  assays  in  which  binding  of  a  basic  heptapeptide  substrate,  Kemptide,  to  acidic  paper 
(P-81)  yield  varying  results  dependent  upon  the  quality  of  the  paper.  In  both  cases,  background 
32p-ATP  lies  within  the  range  of  350-1000  cpm  per  10^  cpm  32p-ATP  added  per  assay  tube.  Attempts  to 
lower  this  background  by  increased  washing  (the  latter  method)  results  In  reduced  product  yields. 

The  following  method  reduces  the  labor  and  the  background  radioactivity  levels  in  the  assay  of 
A-kinase  activity.  The  kinase  reaction  is  stopped  with  30  %  acetic  acid,  and  this  mixture  is  dumped 
di/*ectly  into  a  column  of  CM  Sephadex.  Kemptide  quantitatively  binds  to  the  resin,  but  the  bulk  of 
the  ATP  passes  directly  through  the  column.  Sephadex  columns  are  then  mounted  atop  columns  contain¬ 
ing  the  anion  exchange  resin,  AC1-X8,  and  eluted  with  30  %  acetic  acid.  The  effluent  is  passed 
directly  into  vials  for  liquid  scintillation  counting.  Residual  ATP  is  retained  on  the  anion 
exchange  resin,  but  at  least  95  %  of  the  Kemptide  is  eluted.  Background  levels  of  ATP  are  routinely 
10  cpm  per  10^  cpm  32p-ATP  added  per  assay  tube.  Columns  are  rapidly  regenerated  and  have  been 
re-used  for  more  than  50  assays  with  no  loss  in  Kemptide  recovery  nor  any  increase  in  background  ra¬ 
dioactivity.  Typically,  processing  of  100  samples  is  completed  In  30  min  and  requires  less  than  7 
min  operator  attendance  time.  It  Is  anticipated  that  with  appropriate  oligopeptide  substrates  other 
protein  kinases  may  be  assayed  with  this  simple  method. 
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ACTZVATZON  OT  PftOTSZN  KHIASX  C  INCftKASBS  MJLTZDRUG  RBSISTMICE  IM  HINlii  HOP-?  BRKAST  CMiCBR 
CB<LS.  R*  PlM#  J«  J.  CRxmicha«l,  K.  H.  Conan  and  B*  A*  Chabnor*  National  Cancar 
Znatltuta  and  National  Znatituta  of  Nantal  Health,  Bathaada,  Naryland  20662. 


Multidrug  raaiatanca  (M>R>  in  aaMMilian  cancer  calla  can  occur  after  axpoaura  to  a  aingla  drug  free 
a  natural  product  aourca  auch  aa  vlncriatina  (VCR)  or  adriaaycin  (ADR).  M>R  ia  aaaociatad  with  a 
dacraaaad  net  intracellular  accuaulation  of  drug  due  to  an  incraaaad  drug  afflux  aachaniau.  Calaodulin 
antagoniata  and  calciua  channel  blo^ara,  auch  aa  verapamil,  can  ravaraa  the  raaiatant  phanotypaa,  and 
they  alao  are  Icnown  to  inhibit  protein  )cinaaa  C  (PKC)  and  calaodulin^aaaociatad  kinaaaa.  Thua,  we 
invaatigatad  the  ralationahip  of  thaaa  )cinaaaa  to  changaa  in  drug  raaiatanca  in  21  human  braaat  and  17 
human  email-call  lung  cancar  linaa.  iOR  waa  determined  in  the  linaa  by  clonoganic  aaaay  and  by  clinical 
hiatory.  Incraaaad  j^^af^rylation  of  a  20»)cD  protein  waa  found  in  all  of  the  above  raaiatant  linaa  and 
it  waa  abaant  or  minimal  in  aanaitiva  linaa  by  an  in  vitro  ^^P-AIP  phoa{4iorylation  aaaay.  PRC  activity 
waa  incraaaad  7-fold  in  acme  raaiatant  MCP-7  braaat  cancar  linaa.  Activation  of  PKC  by  phorbol  eater a 
in  both  aanaitiva  and  raaiatant  braaat  cancar  linaa  waa  aaaociatad  with  incraaaaa  in  the  follcaringt 
a)  phoaphorylation  of  the  20-kD  protein,  b)  M>R  in  clonoganic  aaaay,  and  c)  dacraaaad  net  intracellular 
accunulat-ion  of  VCR  and  ADR.  Verapamil  dacraaaad  tha  phoaphorylation  of  tha  20-)(D  protein  and  drug 
raaiatanca  in  thaaa  calla,  %#hila  it  incraaaad  intracellular  drug  accumulation  of  VCR  and  ADR.  Thaaa 
ayparimanta  indicate  that  PKC  activation  ia  aaaociatad  with  tha  tf>R  phenotype  via  dacraaaad  accumulation 
and  that  verapamil  may  be  ravaraing  raaiatanca  by  un)tnown  machaniama. 


165  A  COMPARATIVE  ANALYSIS  OF  PROTEIN  KINASE -C  ACTIVATORS 


Gtflw>d.  L.G..  OawMn,  3.,  Bonser.  R.W..  Ttwmpnn,  N.T.,  BlKkwslI,  G.J.*  &  Hodnn, 
Department,  of  Biochemistry,  Mediator  Pharmacology*  &  Medicinal  Chemistryt,  Wallcome  Rewarch 
Laboratories,  Beckenham,  Kent. 


It  is  believed  that  synthetic  diglycerides  and  phorbol  esters  stimulate  cellular  responses 
through  the  same  ’’receptor*  un  protein  kinase-C  (PKC),  but  such  responses  have  not  been  rigorously 
compared.  We  have  studied  superoxide  (Ol)  production  by  HL60  granulocytes  stimulated  by  l,2dihexa- 
noyl'Sn-glycerol  (DlHex),  phorbol  dibutyrate  (PDBu)  and  phorbol  myristyl  acetate  (PM A).  From  full 
dose-response  curves  their  negative  log  values  were  A.8,  7.2  and  9.4,  respectively.  Howevert  the 
maximum  response  to  DiHex  was  only  45%  ot  th^  produced  by  PMA  or  PDBu.  This  is  not  duo  to  poor 
cell  penetration  since  DiHex  displaced  100%  ot  ■'H-PDBu  bound  specifically  by  intact  HL60  cells!  this 
displacement  showed  enantiomeric  specificity.  Thus,  DiHex  may  have  been  a  ’’partial"  activator  of 
PKC,  with  low  efficacy  at  the  phorbol  receptor.  If  this  were  so,  DiHex  should  have  competitively 
antagonised  Ol  production  stimulated  by  PDBu.  In  such  interaction  experiments,  DiHex  blocked  PDBu 
responses,  bur  not  competitively.  Therefore,  we  conclude  that  DiHex  has  two  properties  in  HL60 
granulocytes,  one  being  activation  of  PKC,  the  other  being  an  effect  which  opposes  cell  activation 
through  PKC.  This  is  stsjported  by  observation  of  bell-shaped  dose-response  curves  for  HL60 
degranulation  activated  by  DiHex. 


166  A  CORRELATION  BETWEEN  PHORBOL  DIESTER-INDUCED  PROTEIN  PHOSPHORYLATION  AND  SUPEROXIDE  ANION 

GENERATION  IN  HL-60  CELLS  DURING  GRANULOCYTIC  MATURATION.  J.R.  GAUT,  C.M.  KRAMER  &  R.A.  CARCHMAN 
DEPT.  OF  PHARMACOLOGY  &  TOXICOLOGY,  MEDICAL  COLLEGE  OF  VA. ,  V.C.U.  RICHMOND,  VA.23298 

Phorbol  dlester-tnduced  superoxide  anion  production  was  coinpared  to  phorbol  d1 ester- Induced 
protein  phosphorylation  as  HL-60  cells  matured  along  the  granulocytic  pathway.  Maturation  was  In¬ 
duced  by  0,2,4,  or  6  days  Incubation  with  dimethylsulfoxide  (DMSO).  In  0  day  DMSO  HL-60  cells,  phor¬ 
bol  12-myr1state,  13-acetate  (PMA)  Induced  phosphorylation  In  the  100,000xg  supernatant  of  protein 
pp29  (Mr*28,600)  and  to  a  lesser  extent  protein  pp76  (Mr=76,300).  With  Increased  time  of  DMSO  Incu¬ 
bation,  PMA-Induced  phosphorylation  of  pp212  (Mr-=211,800) ,  pol34  (Mr=134,200)  and  pp76,  while  the 
phosphorylation  of  pp29  did  not  change  appreciably.  In  close  agreement  with  this  Increase  In  protein 
phosphorylation  was  the  observed  Increase  In  phorbol  dIester-Induced  superoxlde  anion  formation. 

Both  responses  Increased  markedly  between  days  2  A  4  of  DMSO  exposure.  Morphological  characteriza¬ 
tion  of  cells  during  DMSO  Induced  differentiation  using  Height  Glemsa  staining  revealed  that  these 
Increases  In  phorbol  diester  responses  were  probably  attributable  to  the  parallel  rise  In  metamyelo¬ 
cytes,  band  and  segmented  neutrophils.  The  proportional  Increase  In  pp76  phosphorylation  was  strong¬ 
ly  correlated  to  the  Increase  In  superoxlde  anion  formation  (r=0.99).  Similarly,  the  structure  acti¬ 
vity  relationship  of  six  phorbol  diester  derivatives  for  protein  phosphorylation  was  also  correlated 
to  their  ability  to  Increase  superoxlde  anion  generation.  Thus,  we  propose  that  phorbol  d1ester-1n- 
duced  phosphorylation  of  pp212,  ppl34,  and  pp76,  (but  not  pp29)  may  play  a  role  In  mediating  the 
functional  response  of  phorbol  dIester-Induced  superoxlde  anion  generation,  (funded  by  NIH  ES03572) 
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EFFECT  OF  6-BLOCKADB  OH  SKELETAL  MUSCLE  GLYCOGENOLYSIS  AND  CYCLIC  AMP  DUtlHG  EXEECISB. 

A.H.  Goldfarb  and  J.  DiVatta.  Bxarclsa  Sclanca  Laboratory,  University  of  Maryland, 

College  Park,  Maryland  20742. 

Twenty-eight,  nale  Sprague-Dawley  rats  (200-2S0  gas)  were  randoaly  assigned  to  either  a  restlng- 
saline  (RS),  a  resting-propranolol  (RP),  an  exercise-saline  (ES)  or  an  exercise-propranolol  <EP) 
group  to  deteraine  the  effects  of  Beta-receptor  blockage  on  red  fast  tiritch  (R),  white  fast  twitch 
(W),  and  red  slow  twitch  (S)  skeletal  auscle  glycogenolysis  and  cyclic  AMP  during  exercise.  The 
exercise  consisted  of  running  at  20  aeters/ain  for  30  ain  on  a  aotorised  rodent  treadaill.  Adalnis- 
tration  of  propranolol  (6  ag/kg)  did  not  alter  resting  values  for  glycogen  or  cyclic  AMP  in  R,  V,  or 
S  skeletal  auscle.  The  acute  exercise  resulted  in  a  40X  and  42S;  decrease  in  glycogen  in  R  and  S 
skeletal  auscle  respectively,  with  a  non-significant  degradation  in  W  auscle.  Propanolol  adainls- 
tration  coapletely  prevented  the  degradation  of  glycogen  in  S  auscle  (ES  -  2.84  *  .23,  BP  -  5.17  + 

.24  Bg/ga  wet  weight)  while  only  partially  preventing  the  decline  in  glycogen  in  R  auscle  (ES  -  3.93 
+  .34,  EP  -  4.82  *  .12  ag/ga)  coapared  to  resting  values  (RS  -  6.53  *  .38,  RP  -  6.19  *  .29  ag/ga). 

The  acute  exercise  significantly  increased  cyclic  AMP  in  R  (RS  -  302.8  *  16.3,  ES  -  481.6  *  30.8 
pMol/ag  wet  weight),  W  (RS  -  268.3  *  21.3.  ES  -  430.9  ♦  25.4  pMol/ag  wet  weight),  and  S  (RS  -  304.8 
*  24.6,  ES  ■  510.8  *  33.9  pHol/ag  wet  weight).  Beta-blockade  prevented  the  exercise-induced  increase 
in  cyclic  AMP  in  both  W  (EP  •  291.4  *  29.6  pMol/ag  wet  weight)  and  S  (BP  -  340.0  *  21.8  pNol/ag  wet 
weight)  but  only  attenuated  the  cyclic  AMP  rise  in  R  auscle  (BP  •  367.0  *  15.9  pHol/ag  wet  weight). 
These  results  suggest  that  Beta-receptor  blockade  in  skeletal  auscle  is  fiber  dependent  in  inhibiting 
glycogen  degradation  and  cyclic  AMP  accuaulation  during  exercise. 


168  the  MR  43,000  POLYPEPTIDE,  Vi,  OF  ACHR-EMRl(mED  MEMBRANES  IS  A  PROTEIN  KINASE.  A.S. 

Cordon.  Dept,  of  Neurology.  Unlv.  of  Cal.  Sch.  of  Med.,  San  Francisco,  CA  94143. 

AChR-enrlched  sieiiibranea  have  been  shoim  to  contain  3  alkali-extractable  polypeptides  of  Mr 
43,000,  Vj,  V2.  and  \)3  which  can  be  separated  by  2-diBen8lonal  electrophoresis.  Vx  is  a  aeabrane- 
bound  polypeptide  having  a  pl  between  7.0  and  7.4  which  copurlfles  with  the  AChR.  laBunocheaical 
studies  show  that  Vi  is  exclusively  a  post-synaptic  aembrane  protein.  We  have  found  that  an  alkaline- 
extractable  Mr  43,000  polypeptide  has  an  ATP  binding  site  and  that  the  alkaline  extract  has  protein 
kinase  activity.  Our  results  suggest  that  Vx  may  be  a  protein  kinase.  We  have  used  monoclonal  anti¬ 
body  (mcAb)  to  Vi  to  address  this  question.  AChR-enriched  membranes  were  covalently  labeled  with 
(a-  PJATP.  When  these  membranes  were  solubilised  and  lanunoprecipitated  with  antl-Vj  mcAb,  we  found 
a  covalently  labeled  polypei^tide  of  Hr  43,000  on  autoradiograms  of  SDS  gels  which  was  not  present  when 
control  IgG  was  used.  Therefore,  Vi  is  an  ATP  binding  protein. 

In  order  to  demonstrate  chat  the  ATP  binding  protein  precipitated  by  the  mcAb  la  a  protein  klnaa^ 
we  ahow  that  protein  kinase  activity  ia  also  precipitated  from  solution  by  mcAb.  pH  11  extract  is 
neutralised  and  incubated  with  either  acAb  or  control  mouse  IgG  and  Staph.  Aureus  is  added  to  precipi¬ 
tate  the  iaanine  complexes.  After  centrifugation,  the  supernatant  is  assayed  for  protein  kinase  activ¬ 
ity.  We  find  that  pH  11  extract  incubated  with  anti-Vi  mcAb  shows  no  phosphorylation  activity.  In 
contrast,  protein  kinase  activity  is  observed  In  the  pH  11  extract  Incubated  with  control  mouse  IgC. 
Therefore,  the  mcAb  must  have  precipitated  the  protein  kinase  and  we  can  conclude  that  Vj  Is  a  protein 
kinase.  Since  there  is  only  one  ATP  binding  protein  present  in  AChR-enriched  sMabranes,  Vi  is  probably 
the  receptor  kinase  which  phosphorylates  the  AChR. 
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Cl^.  CNKDUUN-OEFOaNT  PROIEIN  KDWSE  11  MO  Ca^.PHBHLlPIMEFOIDn’  IWIEIN  KDWZ  JCTIvmES  W  MT 
TPSUE5  vwiftin;  W>linr.~Y.  HWHipto  wIT.IT.  Soagllna.  Ifate  Ifcd.  Inrt..  wd  Dwt.  of  Ifclecular 

nirsiolcgy  and  bioifrtlcs,  NuiwtiierS  3IBF. 

Rrt  tissue  lewis  of  calntillrMfependent  protein  kinese  II  (protein  klnese  II)  and  Ce**.  pho^llpld-dependent 
protein  kltese  (protein  klnese  C)  uve  selectiwly  esseyed  using  He  ^nUietlc  peirtide  synt1de>2  as  sitetrote.  Ihe  sei,ance 
of  S)nit1de-2  (pro-1eu-a1s-arg-tlr-1eu-ser-w1-«1,^1y.1ai.pro-g1y-1ys-1ys)  Is  hoaologous  to  phosphorylation  site  2  In  glycogen 
tynthese.  The  reletite  MewMe  retlos  of  the  knowi  Ca^-dependent  proton  kinases  fcr  syntlde^  wre  deterarined  to  he  as 
follOHs:  protein  klnue  II,  100;  protein  klnese  C.  22;  phositarylase  klnese,  2;  aposln  ll^it  chain  kinase,  0.05.  Lewis  of 
protein  kinase  II  wre  hlglest  In  ceobrue  (3.36  iit1t$/g  tissue)  and  spleen  (0.85  larlts/g)  and  loicst  In  testis  (0.06  leilts/g) 
and  k1<l«y  (0.01  lailts/g).  Protein  klnese  II  activity  ws  locallad  predoaliwitly  In  the  100,0003  particulate  fraction  of 
cerehrw  and  testis;  In  the  cytosolic  fraction  of  heart,  liver,  aitenel,  and  kldi^;  and  about  eoMsHy  distributed  betaeen  the 
particulate  and  <yto1tc  fractions  In  spleen  and  lung.  On  the  other  hand,  protein  kinase  C  ws  hf^t  In  cmbroa  (0.56 
lailts/g)  and  spleen,  (0.47  iiilts/g),  and  the  aajorfty  of  activity  ws  present  In  the  (ytosollc  fraction  for  a11  tissues 
aMSurad  evept  fbr  cersbrus  and  testis  In  iMch  the  kinase  activity  ws  equal  In  both  tractions.  Lastly,  the  ratlas  of 
protein  kinase  II  to  protein  kinase  C  wre  different  In  various  rat  tissues  and  belueen  the  particulate  and  ytosollc 
fractions.  Ihese  results  suggest  soaeMhat  different  functions  for  these  ho  Ca*^-regu1ated,  aiiltlfinrtlonal  protein 
kinases.  (Sgiparted  In  part  ly  WH  grant  /M780B. ) 
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MOLECULAR  CLONING  OP  THE  cAMP>DKPENOENT  PROTEIN  KINASE  PROM  LLC-PKi  CELLS 
B.A.H«ning«,  H.Schwart,  S.R.Adavani«  D. A. Jana,  I. Nowak,  H.O.Showara*  and 
R.A.Haurar*,  Friadrich  Miaachar-InatituC ,  P.O.Box  2S43,  CH>4002  Basal, 
Switaarland,  *Dapt.  of  Physiology  4  Biophysics,  University  of  Iowa,  lA,  USA 

The  cAMP-dapendant  protein  kinase  (cAHP-PK)  is  thought  to  play  an  integral  role  in 
the  regulation  of  transcription  of  specific  genes.  In  the  porcine  kidney  cell  line 
LLC«PR|^,  elevation  of  cAHP  siediated  by  the  hornone  calcitonin  leads  to  a  100-fold  in¬ 
crease  of  the  rate  of  transcription  of  the  plasainogen  activator  gene.  As  a  step  to¬ 
wards  understanding  the  role  of  the  kinase  in  the  induction  process  we  undertook  the 
Molecular  cloning  of  the  subunits  of  the  cAHP-PK  from  the  LLC-PK^  cell  line.  Using 
the  Agt  11  system,  cDNAs  were  isolated  for  both  the  porcine  Rj  and  Rjj  using  a  bovine 
*1  cDHA  and  antibody  to  bovine  Rn,  respectively.  The  LLC-PK^  cDNA  library  was  also 
screened  using  a  bovine  cONA  for  the  C  subunit  and  two  di»tinet  cDNAs  were  isolated 
for  the  porcine  C  subunit.  DNA  sequence  analysis  confirmed  the  existence  of  two  mRNA 
species  (C^i  and  C^)  coding  for  the  C  subunit,  most  likely  encoded  by  different  genes. 
The  two  types  of  C  subunit,  with  presumably  somewhat  different  activities,  provide 
the  possibility  of  fine  control  over  cellular  activities.  Comparison  of  deduced  amino 
acid  sequences  of  the  porcine  Rj,  Rjj  and  C^/p  with  the  bovine  sequences  revealed 
very  high  homology  for  all  subunits,  indicating  high  conservation  of  structure  and 
function  in  this  important  regulatory  enzyme. 


DISTRIBUTION  OF  PHOSPHOPROTEINS  (PP)  IN  DIFFERENT  BRAIN  AREAS  STUDIED  BY  TWO-DIMENSIONAL 
GEL  ELECTROPHORESIS  (2DE).  W.E.  Heydorn,  J.  Patel,  G.J.  Creed  and  D.M.  Jacobowltz,  FDA, 
Rockville,  MD  20857  and  Laboratory  of  Clinical  Science,  NIMH,  Bethesda,  HD  20892. 

The  distribution  of  PP  was  studied  in  7  brain  areas:  caudate  nucleus  (CN),  olfactory  tubercle 
(OT),  prefrontal  cortax  (PR£)>  hippoce^us  (HIP),  habenula  (HAB) »  arcuate-median  eminence  (ARC-ME) 
and  vantromedial  nucleus  (VKM) .  Under  baeal  conditions,  approximately  40  phosphoproteins  could  be 
seen,  with  12  being  visible  on  silver-stained  2D  gels  of  rat  brain.  Three  distinct  regional  differ- 
encaa  ware  noted.  First,  a  94  kDa  (pi  5. 6-3. 8)  PP  was  found  primarily  in  the  CN,  HIP  and  OT. 

Second,  a  pair  of  high  ^  (95-100  Ua)  PP  was  consistently  visible  only  in  the  CN,  PRE,  HAB  and 
HIP.  Third,  a  group  of  proteins  of  MU  32-37  kDa,  pi  4. 9-5. 4  consistently  phosphorylated  only  in  the 
CM  and  Che  ARC-HE.  In  the  presence  of  Ca/calmodulln,  the  phosphorylation  of  3  acidic  proteins 
(pi  <  5.0)  was  markedly  elevated  in  all  7  brain  areas  examined.  Cyclic  AHP  produced  an  Increase  in 
Che  phoephoryletion  of  «  number  of  different  proteins.  The  94  kDs  protein  shoived  a  marked  increase 
in  phosphorylation  only  in  the  CN  and  OT.  Cyclic  AMP  also  stimulated  the  phosphorylation  of  a 

poorly  focusing  83  kDa  protein  in  the  CN,  OT  and,  to  a  lesser  degree,  in  the  HIP,  HAB  and  ARC-ME. 

Phosphorylation  of  an  acidic  protein  that  appears  to  correspond  to  DARPP-32  ves  stimulated  by  cAMP 
in  Che  CN,  OT,  HAB  and  ARC-ME.  A  group  of  basic  proteins  that  appears  to  correspond  with  Protein 

mb  was  phoBphorylaCed  in  the  presence  of  cAHP  in  all  7  brain  areas  studied.  Finally,  2  PP  of  MW 

45-46  kDa,  pi  5.5  that  were  not  apparent  under  basal  conditions  were  phosphorylated  in  all  7  brain 
areas.  These  results  demonstrate:  1)  A  number  of  silver-stained  proteins  visible  on  2D  gels  of  rat 
brain  are  phosphoproteins,  2)  Cyclic  ^iT  has  region-specific  effects  on  Che  phosphorylation  of 
individual  proteins,  and  3)  These  effects  can  easily  be  visualized  using  2DE. 


INHIBITION  BY  CALMODULIN  ANTAGONISTS,  H-7  AND  H-8  OF  FORMYL  PEPTIDE,  LEUKOTRIENE  84, 
PH0R80L  OlESTER  AND  0IACYL6LYCER0L  STIMULATION  OF  MACROPHAGES.  A.  Holtan,  M.  K. 

Jordan  and  H.  V.  Ncuyen.  Univ.  of  Texas  Sch.  of  Med.,  Houston,  TX,  USA  77530. 

The  proposed  roles  of  protein  kinase  C  (PKC)  in  the  activation  sequence  of  the  stimulated  produc¬ 
tion  of  0?  by  guinea  pig  alveolar  macrophages  was  examined  using  trifluoperazine  (TFP),  fluphenazine 
(FLU),  W-\  H-7,  and  H-8.  AH  five  agents  Inhibited  0^  production  stimulated  by  f-nle-leu-phe 
(FNLLP),  leukotrlene  Ba  (LTB4),  phorbol -12, 13-di butyrate  (PDB)  and  sn-l,2-dioctanoylglycerol .  ^he 
order  of  potency  was  TFP  >  FLU  >  M-7  »  H-7  >  H-8,  The  inhibition  by  TFP  and  FLU  could  be  partially 
reversed  by  the  addition  of  ImM  Ca*2  to  medium  with  Ca'*’2  <  10  uM.  TFP,  FLU  and  W-7  partially 
enhanced  45Ca'^^  efflux.  U-7  enhanced  4SCa^^  efflux  to  a  similar  extent  as  that  achieved  with  FNLLP. 
FNLLP-stimulated  dSCa'^^  efflux  In  the  presence  of  FLU  or  TFP  was  diminished  to  the  same  extent  which 
FLU  or  TFP  enhanced  ASCa*^  efflux  resulting  in  the  same  total  net  45Ca’*'2  efflux.  The  normally 
short-lived  phosphatidyl  inositol  (PI)  turnover  stimulated  by  either  FNLLP  or  LT64  was  not  markedly 
affected  by  FLU  and  still  terminated  when  measured  either  as  changes  in  32P  incorporation  into 
phosphatidic  acid  or  as  3H-diacy1g1ycero1  production.  FLU  and,  more  markedly,  U-7  enhanced  the 
incorporation  of  32P1  into  the  phospholipids  of  the  PI  cycle.  W-7  also  stimulated  a  weak  and  short¬ 
lived  "burst"  of  O2  production.  These  results  suggest:  1)  The  calmodulin  antagonists  (FLU,  TFP 
and  W-7)  have  a  number  of  sites  of  action  which  appear  to  include  PKC  (where  H-7  and  H-8  inhibit) 
and  possibly  phospholipase  C.  2)  FNLLP  and  LT64  can  still  stimulate  those  events  proceeding  the 
site  of  Inhibition  (i.e.,  PKC);  and  3)  Activation  of  PKC  may  not  be  involved  in  the  termination  of 
FNLLP  and  LTB4  stimulated  PI  turnover.  This  work  was  supported  in  part  by  HL-33953. 
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1/3  properties  op  the  endogenous  TEIHERIC  form  of  A-KINASE  PRESENT  IN  RAT  OVARIAN  EXTRACTS.  M. 

"  Hun2lck€r»Duim,  L.  Lynch  «nd  R.C.  Ekstroa,  Dept.  Nolec.  Biol,  Northwestern  U  Hed  Sch,  Chicego  IL. 

Seperatlon  of  A-klnaee  holoenxyses  by  DBAE*cellulose  chromatography  has  shown  that  soluble  ex- 
■  tracts  of  iomature  rat  ovaries  contain  2  holoenzyme  forms  of  the  type  II  enzyme:  a  tetrameric  form 
ccxBposed  of  a  regulatory  (R)  subunit  dimer  and  2  catalytic  (C)  subunit  monomers;  and  an  apparent  tri- 
’  meric  form  (Hunzicker-Dunn  et  al.,  J  Biol  ^em  260:13360,1985).  The  apparent  trimeric  A-kinase  was 
stimulated  by  cAMP,  contained  authentic  R^  and  exhibited  a  S.q  (6.08t  0.19,  n>19)  lower  than  that 
of  the  tetraomr  (7.5±0.19,  n*19).  The  purpose  of  the  following  tTudies  was  to  confirm  the  MN  of  the 
apparent  trimeric  A-kinase  and  to  eatabllsh  its  subunit  composition  (as  R2C  or  RC2)*  To  determine  its 
MW,  autophosphorylated  tetrameric  and  apparent  trimeric  holoenzymes  were  separated  by  nondenaturing 
Page.  HU  estimates  for  the  tetraamric  and  trimeric  forms  of  215000  and  175000,  respectively,  were  ob¬ 
tained.  The  2  enzyme  forms  were  also  separated  on  Sephacryl  S-300.HU  estimates  from  gel  filtration 
were  24S000  and  195000,  respectively,  for  Che  tetrameric  and  Crliii^cic  forms.  To  determine  Che  subunit 
composition  of  the  trimer,  the  extent  of  autophosphorylation  of  R^  associated  with  sucrose  gradient- 
purified  trimeric  and  tetrameric  A-klnaae  forma,  in  the  presence  of  equal.C  activity,  were  compared| 
There  was  no  reduction  in  the  incorporation  of  label  into  the  trimeric  R^  compared  to  tetrameric  R^  . 
A  comparison  of  relative  cAMP-bindlng  to  phosphotransferase  (R:C)  activities  of  Che  2  enzysie  forms  re¬ 
sulted  in  values  of  0.62±0.09  (n«23)  for  the  tetrameric  enzyme  and  2.1±0.42  (n>23)  for  the  trimeric 
enzyme,  consistent  with  reduced  phosphotransferase  activity  associated  with  the  trimer.  From  these  re¬ 
sults,  an  R2C  subunit  composition  can  be  predicted  for  Che  tris»er.  We  conclude  that  rat  ovaries  con¬ 
tain  a  trimeric  type  II  A-kinase  with  a  subunit  composition  of  R2C.  Supported  by  NIH  HD  11356  to  MID. 


174  PHOSPHORYLATION  AND  DEPHOSPHORYLATION  IN  LEISHMANIA  MAJOR 

Charles  L.  Jaffe  and  David  S.  Lester  Departments  of  Biophysics  and  Membrane  Research 
Weizmann  Institute  of  Science,  Rehovot,  Israel 

Labelled  phosphoproteins  and  phosphatase  activity  were  investigated  in  logarithmic  stage  promasti- 
gotes  of  L.  major.  Whole  cells  incubated  in  [^^P)-orthophosphate  revealed  13  bands.  Three  bands  (105, 
70  and  16  kd)  were  found  in  both  membrane  and  cytosol  fractions.  The  16  kd  band  was  the  major 
phosphoprotein.  Incubation  of  cells  with  calcium  intensified  labelling  of  the  70  kd  protein.  This 
calcium  stimulation  was  also  observed  with  three  additional  proteins  in  the  membrane  fraction 
(48,  42  and  18  kd) ,  Incubation  with  the  calcium  ionophore  A23187  drastically  reduced  labelling  of  the 
16  kd  protein. (y-^^PJ-ATP  labelling  of  lysed  parasites  identified  7  phosphoproteins;  the  predominant 
hand  migrated  at  16  kd.  The  pattern  of  labelling  was  similar  to  that  observed  for  membranes  of 
[^^Pj-labelled  whole  cells.  Calcium  specifically  decreased  labelling  of  two  phosphoproteins  (90  and 
56  kd) .  Phorbol  ester  and  8-BrcAMP  had  no  effect.  pNPP-alkaline  phosphatase  activity  was  examined  in 
whole  cells,  membrane  and  cytosol  fractions.  The  membrane  activity  was  externally  located  and  had  a 
pH  optimum  of  7. 0-7,5.  The  specific  activity  of  the  cytosol  fraction  was  at  least  4-fold  greater 
than  the  membrane  fraction  and  preincubation  of  whole  cells  in  calcium  shifted  the  pH  optimum  of 
the  cytosol  fraction  from  7.0  to  6.5.  All  phosphatase  activity  was  inhibitable  by  calcium  and 
vanadate.  Developmental  studies  of  these  processes  are  under  investigation. 

Funding  was  provided  by  the  John  and  Catterinc  T.  MacArthur  Foundation. 


175  PHOSPHORYLATING  SYSTEM  CONTROLLING  ASPARAGINASE  CYCLIC  ACTIVITY.  S.  Jerebzoff-Quintin  and 

S.  Jerebzoff.Btorhythm  Lab.  and  DA  241  CNRS,  P.  Sabatier  Univ.,  TOULOUSE,  France. 


Asparaginase  cyclic  activity  in  Leptosohaeria  michotii  has  been  shown  to  be  dependent  on  a  rever¬ 
sible  phosphorylating  process.  Asparaginase  has  been  isolated  as  a  purified  protein  complex,  which 
possessed  autophosphorylating  and  autodephosphorylating  capacities  (1)(2). 


A  protein  kinase  was  present  in  this  complex,  as  demonstrated  by  time  course  of  m|  -dependent  phos- 
I  phorylation  by  [y-^^PlATP,  whereas  [a-3Zp]ATp  not  Incorporated,  and  identification  of  the  phospho- 

■  aminoacid  as  threo(P)  ;  it  was  cAMP  non  dependent  and  active  at  pH  from  5  to  9.  A  rhythm  of  protein 
,  kinase  activity  synchronous  with  the  rhythm  of  asparaginase  activity  was  observed. 

T  Autodephosphorylation  of  asparaginase  complex  was  controlled  by  a  Mg^'''-Zn2'''-dependent  protein  al¬ 
kaline  phosphatase  (active  at  pH  from  7  to  9),  Mr  60  000,  phosphorylable,  which  could  hydrolyze  non 
protein  phgsphoesters .  In  the  time  course  of  asparaginase  activity  cycle,  Zn^'*’  addition  in  the  presen¬ 
ce  of  [Y-"P]ATP-Mg‘''',  stimulated  depbgsphorylation  of  the  protein  complex  when  asparaginase  activity 
is  decreasing,  whereas  it  stimulated  4Zp  incorporation  when  asparaginase  activity  is  increasing. 

Opposite  effects  of  protein  phosphatase  activation  on  asparaginase  activity,  together  with  the 
fact  that  protein  phosphatase  was  phosphorylable,  give  strong  support  for  an  important  regulatory 
role  of  this  enzyme  in  the  control  of  asparaginase  oscillatory  states. 

(1)  FEBS  Lett.,  1984,  171,  67.  (Z)  Physiol.  Plant.,  1985,  64,  74. 


176 


K-252a;  A  POTENT,  MEW  INHIBITOR  OF  PROTEIN  KINASES  FROM  MICROBIAL  ORIGIN 


H.  Kase,  K.  Iwahaahi,  Y.  Hatsuda,  S.  Nakanishi  and  K.  Yamada 
Tokyo  Research  Laboratories,  Kyova  Hakko  Kogyo  Co.,  Ltd. 

Machlda-shi,  Tokyo,  Japan 

K-252a(I),  a  novel  compound  isolated  from  the  culture  broth  of  Nocardiopsis .  sp.,  was  found  to 
potently  inhibit  protein  kinase  C  (Kase  et  al.  J.  Antibiotics,  in  press) .  The  compound  also 
inhibited  cyclic  nucleotide-dependent  protein  kinases.  Apparent  Ki  values  of  K-252a  for  protein 
kinase  C,  and  cAMP-dependent  and  cGMP-dependent  protein  kinases  were  25,  7,  and  20  nM,  respectively. 
The  inhibitions  were  not  reversed  by  the  phosphate  acceptors,  or  the  enryme  activators  such  as  cAMP, 
cGMP  and  phospholipid.  Alternatively,  ATP  reversed  the  inhibition  of  K-252a  in  competitive  manners. 
The  compound  also  inhibited  calax>dulio,  but  its  effect  (1050 ;  2.9mM) 
was  much  less  than  that  on  protein  kinases.  K-252c,  the  aglicon  of 
K-2S2a,  and  K-252b  and  d,  which  contained  R-252a  aglicon  in  their 
structures,  were  also  isolated  from  the  culture  broth  and  inhibited 
the  protein  kinases  to  various  degrees. 

In  rabbit  platelet,  K-252a  inhibited  ATP  secretion  induced  by 
thrombin,  platelet  activating  factor,  and  phorbol  myristate  acetate. 

These  newly  developed  cosipounds  should  facilitate  studies  on  the 
physiological  roles  of  protein  kinases. 


'''  THE  RELATIONSHIP  BETWEEN  PHORBOL  ESTER  -  STIMULATED  LYSOSOMAL  BKZYME  RELEASE  AND  PROTEIN 

PHOSPHORYUTION  IN  HUMAN  M3N0CYTES.  Barbara  A.  Kelly  and  Richard  A.  Carchman,  Dept,  of  Pharmacology 
and  Toxicology,  Medical  College  of  Virginia,  V.C.U.,  Richmond,  Va.  23298. 

PMA  (Phor^l“12-inyristate-13-acetate),  a  potent  timor  promoter,  stimilated  the  secretion  of  the 
lysosomal  enzyme  N-acetyl-B-D^glucosaminidase  (NAGA)  from  hunan  monocytes.  PMA  elicited  a  concentra¬ 
tion-dependent  (EC50*53  nM)  increase  in  NAGA  secretion  over  a  tested  range  of  0.1  nM  to  I  uM.  This 
time-dependent  release  (221  of  total  enzyme  at  10  uM  PMA)  reached  a  near  maximal  response  at  60  min¬ 
utes.  In  addition,  PMA  stimulated  the  phosphorylation  of  several  endogenous  protein  substrates  in 
broken  cell  preparations  as  well  as  Intact  cell  preparations  in  a  concentration-dependent  manner  over 
a  tested  range  of  0.3  nM  to  3  uM.  Protein  substrates  specifically  phosphorylated  by  WA  had  apparent 
molecular  weights  of  20K,  30K,  41K,  and  75K  in  broken  cell  preparations  and  20K,  55K,  61K  and  66K  in 
whole  cell  preparations.  Further  studies  of  lysosomal  enzyme  release  and  protein  phosphorylation  stim¬ 
ulated  by  various  diterpene  derivatives  releaied  similar  structure  activity  relationships  (SAR)  to 
the  SAR  characterized  for  phorbol  ester-binding  to  hunan  monocytes  (J.  Clin.  Invest.  70:669-706,  1982) 
These  findings  support  the  hypothesis  that  phorbol  ester-elicited  events  are  mediated  by  the  activa¬ 
tion  of  a  receptor  enzyme  known  as  calciun-dependent ,  phospholipid-sensitive  protein  kinase  (PK-C); 
PK-C  phosphorylates  specific  protein  substrates  purportedly  resu3.ting  in  various  functional  responses. 
Finally,  the  effects  of  opsonized  zymosan  to  stimulate  protein  phosphorylation  were  investigated  in  an 
attempt  to  further  identify  those  protein  substrates  key  to  the  regulation  of  lysosomal  enzyme  re¬ 
lease.  (Supported  by  NIH  5  T32  ES07087  and  NTH  ES03572). 


178  FORSKOLIN  ALSO  INHIBITS  ADENYLATE  CYCLASE  ACTIVITY  AND  cAMP  PRODUCTION  Azra  Khanum  and 
Maria  L.  Dufau,  NXCHD,  NIH,  Bethesda,  MD  2089Z 

In  caacicular  Laydlg  cells  (LC) ,  forskolin  (F)  causes  stimulation  of  all  cAMP  pools  (extra, 
Intracellular  &  raceptor-bouad)  and  testosterone  production,  and  potentiates  gonadotropin-induced 
responses,  when  present  in  concsntrations  of  L-IO  pH.  In  addition,  when  added  at  lower  doses  (100 
nM)  that  did  not  affect  cANP  generation,  F  caused  an  increase  in  sensitivity  to  hormonal  stimulation 
for  all  cAMP  pools  and  testosterone  production.  Minor  Increases  in  bound  cAMP  (25Z)  eXlclted^by 
gonadotropin  caused  maxlowl  testosterone  production,  while  with  comparable  increases  by  F  (10  ), 
teatoaterone  Increases  were  only  36X  of  maximal.  In  contrast  to  the  known  stimulatory  actions  of  F, 
low  doses  (in  the  pH-nM  range)  markedly  inhibited  basal  and  gonadotropin  stimulated  cAMP  and  testos- 
tarona  production.  Furthermore,  F  significantly  decreased  adenylate  cyclase  activation  by  GTP  and 
lucainlzlng  hormone.  This  inhibitory  action,  was  prevented  by  prelncubatlng  the  cells  and  membranes 
with  pertussis  toxin  before  sddicion  of  F.  A  dose-dependent  reversal  of  F  inhibition  was  observed 
over  the  range  of  0.1-30  ng  toxin.  These  studies  have  shown  the  diverse  effects  of  F:  first  the 
stimulatory  affects  on  LC  cAMF  pools,  including  potentiation  of  the  hormonal  increase  in  receptor- 
bound  cAKP  by  F;  and  have  provided  additional  evidence  for  the  functional  Importance  of  cAMP  com- 
partmentallzaclon  during  hormonal  stimulation  of  ataroldogenesls.  Second,  we  have  demonstrated  a 
novel,  high-affinlcy  Inhibitory  action  of  F  upon  adenylate  cyclase  activity  and  cAMP  generation,  an 
affact  that  seems  to  be  msdiated  by  ths  N1  unit.  This  finding  provides  a  new  approach  for  direct 
evaluation  of  the  functional  inhibitory  Influence  of  N1  unit  in  the  intact  LC  and  cell  membrane  and 
has  potential  general  application  to  other  systems. 
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PROTEIN  KINASE  ACTIVITY  IN  CLONED  MURINE  T  CELL  LINES.  D«K  Kim  and  F.W.  Fitch. 
Dept,  of  Path. »  Box  332,  Uoiv.  of  Chicago 


We  have  observed  that  our  typical  cloned  cytolytic  T  cell  lines,  exeotpllfied  by  L3,  proliferate  in 
response  to  phorbol  12-«yristate  13*acetate  (P^);  in  contrast,  our  typical  cloned  helper  T  cell 
lines,  exesiplified  by  L2,  do  not  proliferate  in  response  to  PMA.  A  nunber  of  recent  reports  have 
suggested  that  translocation  of  protein  kinase  C  (PKC)  froa  the  cytosol  to  the  nicrosoBal  fraction 
(■esbrane)  is  associated  with  the  induction  of  the  characteristic  functions  of  a  variety  of  cell 
types.  We  now  have  obtained  evidence  that  translocation  of  a  CaH>,  phospholipid-dependent  kinase 
activity  (PKC  activity)  from  the  cytosol  to  the  aenbrane  occurs  after  a  ten  minute  PHA  creataent 
both  in  the  cloned  cytolytic  T  cell  line,  L3,  and  In  the  cloned  helper  T  cell  line,  L2.  Thus  the 
translocation  of  PKC  activity  Itself  is  not  necessarily  associated  with  the  Induction  of  prolifera¬ 
tion  of  T  cells,  because  translocation  of  PKC  activity  occurs  after  PNA  treatment  in  a  T  cell  line, 
L2,  that  does  not  proliferate  in  response  to  PMA.  The  level  of  PKC  activity  found  in  the  membrane 
after  FMA  treatment,  however,  differs  between  the  two  cell  lines:  only  13-25t  of  the  PKC  activity 
found  In  the  cytosol  of  untreated  L3  cells  is  translocated  to  the  membrane  of  mA-treated  L3  cells; 
in  contrast,  nearly  the  entire  PKC  activity  found  in  the  cytosol  of  untreated  L2  cells  Is  trans¬ 
located  to  the  membrane  of  PMA-treated  L2  cells.  In  both  L3  and  L2  cells,  PKC  activity  in  the 
cytosol  is  completely  depleted  after  PMA  treataient.  Furthermore,  preliminary  evidence  suggests 
that  in  PHA-treated  L3  cells,  but  not  in  untreated  L3  cells,  a  substantial  level  of  the  PKC  activity 
is  translocated  to  the  nuclear  fraction. 


180  THE  CATALTTIC  SUBOillT  OE  cAMP-DEPEHDEMT  PROTEIH  KINASES:  A  HETEROGENEOUS  ENZYME 

V.  Kln«,l.  A.  Hate,  N.  Koenig,  H.  Pyerln  end  J.  Reed,  Getnen  Cencer  Research  Center, 
Institute  of  Experlaentel  Pathology,  In  Hsuenhelner  Feld  280,  0-6900  Heidelberg  1,  PRC 

Electrophoretlcally  honogeneous  preperstlons  of  catalytic  subunit  (C)  of  cAMP-dependent  protein 
kinase  (type  I  end  II)  fron  striated  auscle  of  different  species  (rat,  rabbit,  cattle)  can  be  separ¬ 
ated  by  cation  exchange  chronetogrephy  Into  2  najor  stable  foma  designated  Cg  end  C,  (according  to 
their  elution).  They  nay  be  expressed  alnultaneoualy  In  the  tissue.  Both  foma  differ  by  approx,  O.S 
units  In  their  Isoelectric  values.  No  differences  between  Cg  and  Cg  were  detectable  by  a  nunber  of 
criteria  Including  (1)  phosphate  content,  (11)  kinetic  behaviour,  (111)  Interaction  with  regulntory 
subunit  type  I  and  II  (In  cooperation  with  P.  Hofnann,  Bonburg,  PRC),  (Iv)  heat  stable  Inhibitor. 
However,  the  protease  specific  for  native  C  (E.  Alhenety  et  el.,  PN^  78,  3492)  cuts  C,  consistently 
faster  then  Cg,  a  phenonenon  which  la  enhanced  In  both  coses  by  the  au^trate  Kenptlde  (In  coopera¬ 
tion  with  8.  Shaltlal,  Eehovot,  Israel).  Circular  dlchrolc  (CD)  anasurenents  using  Blue  Dextran  as  a 
sensor  for  the  nucleotide  binding  site  (J.  Reed,  V.  Klnael,  Blochenlatry  23,  968)  exhibit  a  differ¬ 
ential  Induced  CO  apeetrua  of  Cg  and  C,  on  binding  of  Kewptlde  thus  Indicating  that  the  foma  differ 
In  the  conforaatlonal  response  of  their  ATP-blndlng  site  to  substrate  binding.  The  Introduction  of  e 
high  resolution  Isoelectric  focusing  ayataa  revealed  Chet  Cg  at  mil  as  C,  conalata  of  2  aajor  laoc- 
laecrlc  variants  (dpH  <0.1  units)  and  of  1-2  alnor  variants.  Whether  these  foraa  are  products  of 
different  genet  (M.D.  Ohler  et  el.,  PNAS  1300)  or/and  posttranalaclonal  nDdlflcaClon(a)  la  being 
deteralned  through  studies  uhleh  are  In  progress. 


CAMP-DEPENDENT  PROTEIN  KINASE  FROM  DICTYOSTELIUM  DISCOIDEUM;  CLONINC  AND  cONA  SEQUENCE 
OF  REGULATORY  SUBUNIT. 

Lacombe.M.L.,  Simon, M.N.,  MutzeI.R.,  de  Gunzburg.J.  and  Vdron.M.  -  UnU4  de  Biochimie 
tellulaire  -  28.  rue  du  Docteur  Roux  -  75724  Paris  Cedex  15,  France 


Olctyostellum  discoldeum  contains  only  one  type  of  cAMP-dependent  protein  kinase  (cAK) 
which  Is  highly  developmental ly  regulated.  The  enzyme  composed  of  regulatory  (R)  and  cataijrtic  (C) 
subunits  Is  organized  as  an  Inactive  (RC)  dimer  at  the  difference  of  the  R,C-  complex  found  In  other 
organisms.  Moreover,  the  R  monomer  contains  only  one  cAMP  binding  site ‘llistead  of  the  two  found 
In  mannallan  R. 

cDNA  clones  encoding  the  R  subunit  of  the  Dictyostellum  cAK  were  Isolated  by  Iramunoscree- 
nlng  of  a  cDNA  library  constructed  In  the  expression  vector  Xgtil.  Presence  of  high  affinity  cAMP 
binding  activity  was  demonstrated  in  extracts  from  bacteria  lysogenized  with  these  clones.  Nucleo¬ 
tide  sequence  analysis  of  three  overlapping  clones  allowed  the  determination  of  a  1149  bp  cDNA  se¬ 
quence  coding  for  the  entire  R  subunit.  The  open  reading  frame  codes  for  a  protein  of  327  amino 
acid  s  corresponding  to  a  molecular  weight  of  36,794.  DHA  blot  analysis  demonstrates  that  the  R 
subunit  gene  exists  as  a  single  copy  In  the  genome.  The  R  subunit  from  Dictyostellum  shares  a  high 
degree  of  homology  with  RI,  RII  and  cGMP-dependent  protein  kinase  from  mammals,  llowever.  It  Is  lack¬ 
ing  the  N-termlnal  domain  required  in  other  eukaryotes  for  the  dimerization  of  R  subunits.  The  se¬ 
quence  of  the  R  from  Dictyostellum  reveal s  2  cAMP  binding  domains,  each  one  homologous  to  the  cata- 
bollte  gene  activator  protein  (CAP)  from  E.coll  and  to  the  corresponding  domains  In  the  mammalian 
R  subunits. 


CHARACTERIZATION  OF  A  POLYCLONAL  ANTIBODY  TO  PROTEIN  KINASE  C.  Karen  L.  Uach.  JaMt 
C.  McGuire  and  Elaine  A.  Powers.  Dept,  of  Cell  Biology,  The  Upjohn  Company,  Kalamazoo,  MI  49001 


Ve  have  used  purified  protein  kinase  C  (PKC),  prepared  from  rat  brain  using  DEAE  chromatography, 
aomonlum  sulfate  precipitation  and  phosphatldylserine  affinity  chrcMaatography  to  produce  a 
polyclonal  antibody  in  sheep.  Using  Western  blotting  techniques,  the  Immune  sera  recognizes  the 
82  kD  PRC  at  concentrations  less  than  SOO  ng.  In  crude  preparations  from  rat  brain,  and  in  cell 
extracts  from  CHO,  GR3,  C6  and  S49  cells  the  antibody  recognizes  the  82  kD  protein  as  well  as 
several  lower  molecular  weight  proteins,  presumed  to  be  proteolytic  products  of  PKC.  The  luune 
sera  Immunoprecipltates  autophosphorylated  and  [^^S]owthlonlne-labeied  PKC  from  Intact  cells, 
suggesting  that  the  native  protein  is  recognized  by  the  antibody.  This  antibody  should  be  a 
valuable  tool  in  our  continuing  studies  of  the  regulation  of  PKC. 


183  AUTONOMOUS  ACTIVITY  OF  THE 

MULTIFUNCTIONAL  Ca2*/CALMODULIN  DEPEN¬ 
DENT  KINASE  AFTER  AUTOPHOSPHORYLATION. 
By  Lillian  L.  Lou  and  Howard  Schulman.  Department  of 
Pharmacology,  Stanfoid  University  School  of  Medicine, 
Stanford,  CA  94305. 

ATP  modulates  the  effect  of  autophosphorylation  on  the 
activity  of  the  rat  brain  Ca^^/calmodulin-dependent  protein 
kinase.  At  low,  but  saturating,  levels  of  ATP  (<20  pM) 
autophosphorylation  inhibits  activity  towards  exogenous 
substrates  by  75%.  By  contrast,  at  high  (and  more 
physiological)  levels  of  ATP  (SOOpM)  autoplKs^ocylation 
converts  the  kinase  to  a  form  whidi  is  autonomous  of  Ca^'*^ 
and  calmodulin.  Aside  from  serving  as  a  phosphate  donor 
during  catalysis,  ATP  appears  to  regulate  the  site(s)  which 
become  autophosphorylated  and  thereby  modulates  the  dual 
effects  of  autophos{^orylation.  Complete  autonomy  is 
generated  at  a  threshold  level  of  autophosphoiylalion  which 
is  10-20%  of  maximal  phosphate  incorporation.  Once  the 
threshold  is  reached,  ad^tional  autophosphorylation  occurs 


independent  of  the  presence  of  Ca^'*^  and  calmodulin. 
Despite  this  independence  from  control  by  Ca^-^  and 
calmodulin,  the  autophosphorylation  is  modiHed  in  a 
qualitiative  way  by  the  presence  of  these  agents. 
Ca^^/calmodulin  regulate  the  site(s)  of  this  additionsd  self- 
phosphoiylation  by  the  autonomous  kinase.  Furthermore, 
they  regulate  the  effect  of  this  autophosphorylation  on 
substrate  phosphorylation.  In  the  absence  of 
Ca^'^/calmodulin,  additional  au^hosphorylation  (beyond 
threshold)  inhibits  kinase  activity  towards  exogenous 
substrates;  in  the  presence  of  Ca^/c^odulin,  no  inhibition 
is  seen.  Extending  the  initial  phosphate  incorporation 
beyond  the  threshold,  prior  to  removal  of  Ca^'^/calmodulin, 
will  protect  the  enxyme  from  this  subsequent  inhibition  by 
autopbospborylation.  ATP  and  Ca^'^/calmodulin  regulate 
the  sites  of  autophosphorylation  which  may  cause  distinct 
modifications  in  prot^  conformation  and  thereby  elicit  the 
profound  changes  in  the  functional  characteristics  of  the 
Ca^/calmodulin-dependent  protein  kinase. 


18t  LOCALIZATION  OF  A  CYCLIC  GMP-STIMULATED  PHOSPHODIESTERASE  IN  THE  BOVINE  ADRENAL  GLAND 

R.T.  MacFarland,  B.D.  Zelus,  J.P.  Novack  and  J.A,  Beavo.  Department  of  Pharmacology  SJ-30,  School 
of  Medicine,  University  of  Washington,  Seattle  VA  98195. 

Previous  kinetic  and  immunological  studies  from  this  laboratory  have  shown  the  cyclic  QiP-stlmu- 
lated  phosphodiesterase  isozyme  (cGS-PDE)  to  be  the  predominant  isozyme  present  in  the  bovine  adrenal 
gland.  Immunoblotting  experiments  now  Indicate  that  the  bulk  of  this  activity  is  concentratCMl  in  the 
outermost  layer  of  cells  of  the  adrenal  cortex,  corresponding  to  the  capsule  and  zona  glomerulosa 
regions.  Fresh  bovine  adrenal  glands  were  sectioned  using  a  freezing  microtome.  Frozen  sections 
(60  pm)  were  then  extracted  overnight  in  IX  SDS.  Extracts  from  individual  sections  were  separated  by 
SDS-PACE  followed  by  transfer  to  nitrocellulose.  Protein  blotting  using  a  monospecific  antisera 
directed  against  the  cGS-PDE  indicated  that  most  of  this  isozyme  was  localized  to  the  outermost  l.Smm 
of  the  adrenal  cortex. 

These  findings  support  the  suggestion  for  a  role  of  cyclic  GMP  in  the  regulation  of  aldosterone 
secretion.  Elevation  of  cyclic  GMP  within  the  glomerulosa  cells,  in  response  to  stimulation  by 
atrial  natriuretic  factor  for  example,  may  thus  lead  to  a  corresponding  decrease  in  cyclic  AMP  levels 
via  Increases  in  the  activity  of  the  cGS-FOE. 


PHOSPHOTYROSINE  IM  PROTEINS:  CHEMICAL  AND  IMMUNOLOGICAL  IDENTIFICATION  AND  ISOLATION 
OP  PWSPHOTYROSYL  PROTEINS.  T.  M.  H>rt«MeQ.  UborACory  of  Blochealstry.  NHLBI.  NIH,  Bethesda, 
Maryland  20892. 

Procalna  which  contain  phoaphotyroaine  (Tyr~P)  raaiduea  can  be  identified  and  purified  by 
'  utilizing  the  eheaical  and  ioBunological  properties  of  the  Tyr*P  iMiety.  The  atablllty  of  Tyr-P 
t  to  basic  conditions  which  cleave  aost  aer/thr  phoaphoryl  bonds  enabled  the  analysis  of  cellular 
'  phosphoproteins  after  Ma  dodccyl  SO4  gel  electrophoresis.  Analyses  were  siaplifled  using  a  nylon 
electroblot  of  the  gel  which  is  stable  to  1  hr  incubation  in  1  N  MaOH  at  6S*C.  Autoradlograos  of 
nylon  blots  before  and  after  base  treataent  were  perforaed  on  ^^p'labeled  phosphoproteins  of 
normal  and  retrovirus  (Rous»  Kirsten^  and  Moloney)  transforaed  fibroblasts.  Conditions  for 
optiaal  labeling  of  cellular  proteins  were  studied  by  protein  tyrosine  kinase  activity  measure-* 
aents  using  poly  glu^tyr.  Differences  In  base  resistant  phosphoproteln  patterns  could  be  seen 
for  each  transformed  cell  line.  Confirmation  that  certain  base  resistant  phosphoproteins 

contained  Tyr-P  was  achieved  by  imaunoatalnlng  with  affinity-purified  sheep  antl*Tyr-P  antibodies 
(Ab)«  These  Ab  served  as  useful  reagents  to  study  lyr-P  proteins  since  they  inhibit  their 
dephosphorylation  by  phosphatases,  and  precipitate  them  in  the  presence  of  rabbit  anti •sheep  IgG 
Ab.  Tyr-p  protein  was  laaobllized  when  mixed  with  antl*Tyr-P  Ab  and  incubated  with  Imaoblllsed 
protein  A  sepharose  rabbit  antl»sheep  IgC  Ab  coaplex.  Selective  elution  of  the  Tyr-F  protein 
was  achieved  with  free  Tyr-P. 


186  IMtUNOGOLD  ELECTRON  MICROSCOPIC  LOCALIZATION  OF  cAMP-DEPENDENT  PROTEIN  KINASE  SUBUNITS  IN 

SECRETORY  CELLS.  M.I.  Mednleks,  R.P.  Siraganlan.  S.  Bae*  L.  Schaake  and  A.R.  Hand.  National 
Institute  of  Dental  Research.  NIH.  Betheada.  MD. 

Hormonally  regulated  protein  secretion  from  the  parotid  gland  la  mediated  by  cyclic  AMP.  Stimulation 
by  norepinephrine  or  Its  pharmacologic  analogs  involves  changes  in  protein  phosphorylation 
cAMP-dependent  protein  kinase  (cAPK)  and  an  intracellular  redistribution  of  its  subunits  (Mednleks 
and  Hand.  Eur.  J.  Cell  Blol.»  28 »  264,  1982).  Biochemical  findings  Indicate  that  cAPK  subunits  are 
present  in  the  nucleus,  cytoplasm  and  secretory  granules  of  acinar  cells  of  Che  parotid  as  well  as  in 
ductal  saliva  (Mednleks  and  Hand.  Experientla,  40,  945,  1984).  Immunogold  electron  microscopic 
studies  were  carried  out  to  detarmlne  the  localization  of  cyclic  AMP^dependent  protein  kinase  (cAPK) 
subunits  in  hormonally  responsive  protein  secreting  cells.  Specific  polyclonal  antibodies  to 
regulatory  subunits  of  cAFK  type  1  and  type  II  were  used  to  determine  their  distribution  by  gold 
labeling:  approximately  602  were  distributed  over  the  cytoplasm.  27X  In  the  secretory  granules  and 
122  in  the  nucleus  (primarily  associated  with  heterochromatin).  Similar  findings  were  obtained 
using  a  monoclonal  IgK  that  reacted  on  ELISA  with  R  subunits  in  saliva,  parotid  extract,  and  with 
bovine  heart  RII.  This  hybrldoma  reagent  (HAb  BBl)  Inmunopreclpltated  photoaff inity  labeled  bovine 
RIt,  a  photoaff Inlty  labeled  (  40  Kdal)  fragment  from  both  cAPK  X  and  cAPK  11  preparations,  but  not 
rabbit  muscle  RI.  Immunogold  localization  using  MAb  BBl  was  also  studied  in  pancreatic  and  seminal 
vesicles,  since  photoaff Inlcy  labeled  R  subunits  were  found  in  ductal  secretions  of  both  tissues. 
Secretory  granules  of  the  pancreas  and  of  seminal  vesicles  were  also  labeled,  in  addition  to 
the  nucleus  and  cytoplasm.  Our  results  Indicate  that  cAPK  R  subunits  are  secretory  proteins  of 
several  hormonally  responsive  cell  types,  thetr  physiologic  function,  however,  is  not  known. 


1S7  CAdSLIOSIDE  tmiBITIOH  OF  CELLITUK  EVENTS  INDUCED  BY  PHORBOL  ESTERS:  PROTEIN  KINASE  C  AS  A 

POTENTIAL  TARGET  FOR  CANCLIOSIDE  MODULATION.  W.D.  Mgrrltt.  C.  Drogula  and  J.M.  Bailey.  Dept,  ot 
Blochenistry,  The  George  Washington  University  Medical  Center,  Washington,  D.C.  20037. 

We  have  shown  that  exogenous  gangllosldes  inhibit  proliferation  of  lymphocytes  stimulated  by 
interleukin  2  (IL-2).  To  assess  whether  a  protein  kinase  C  (PKC)-actlvatlon  pathway  is  a  site  for 
ganglioside  modulation,  CT6  murine  T  cells  were  cultured  with  phorbol-13-myrlstate-12-acetate  (PMA) , 
lL-2,  or  both  and  in  the  presence  or  absence  of  gangllosldes.  PMA  (1-20  nM)  stimulated  CT6  prolifer¬ 
ation  in  IL-2-free  media,  but  mltogenesis  was  40X  that  Induced  by  IL-2.  Mixed  brain  gangllosldes 
inhibited  FMA-lnduced  growth  in  a  dose-dependent  fashion,  and  the  150  for  IL-2  and  PMA-induced  growth 
were  similar.  Polysialogangllosldes  and  ganglio  aeries  glycolipida  were  potent  inhibitors,  while 
other  neutral  glycolipida  were  ineffective.  PMA  inhibited  IL-2-lnduced  proliferation,  and  ganglioside 
and  PMA  inhibition  ot  IL-2-lnduced  growth  was  additive.  To  examine  ganglioside  modulation  of  other 
,  protein  kinase  C-medlated  T-eell  events,  the  Influence  ot  gangllosldes  on  Induction  of  the  IL-2 
;  receptor  in  JURKAT  acute  T- lymphocytic  leukemia  cells  created  with  PMA  was  studied.  Receptor 
{  expression,  measured  by  binding  of  ^H-antl-Tac  antibody,  was  depressed  in  a  dose-dependent  manner  by 
f  mixed  brain  gangllosldes,  with  no  effect  on  cell  viability.  To  examine  the  potential  for  direct 
,  ganglloslde^modulation  of  PKC  as  a  mechanism  for  these  effects,  the  influence  of  gangllosldes  on  the 
binding  of  H-phorbol-12, 13-dlbutyrate  to  JUEKAT  cells  was  tested.  A  dose  and  time-dependent  inhibi¬ 
tion  of  binding  waa  observed  when  cells  were  precreated  with  gangllosldes,  whereas  slight  inhibition 
was  observed  if  gangllosldes  were  present  only  in  the  binding  assay.  These  studies  indicate  that 
cellular  events  linked  to  activation  of  protein  kinase  C  are  particularly  sensitive  to  the  inhibitory 
effects  of  gangllosldes  and  suggest  this  enzyme  is  a  primary  target  for  ganglioside  modulation. 
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TISSUES  AMD  THE  SUBSTRATE  FOR  THE  BRAIH  EHZTME. 

E«_|M2aaotOt  K.  FukuiuiM*  B.  YaMBOtOa  B.  Tanak*  and  T.  Iwaaa. 

Oaparcaant  of  Pharaacolou*  KuMaoto  Unlvaraity  Madical  School»  Kuaa»oto  860*  JAPAN. 

Ve  bava  purifiad  a  ■aleifuncclooal  calaodulln'^apandant  protein  kinase  (CaM-'kinaae)  fro*  the 
brain  which  has  a  hi^  aolacular  weight  of  about  S60»000  (J.  Neurochaa.  39*  1607«1617»  1982).  In 
contrast  to  aascXa  ^roain  light  chain  kinase »  the  ansyae  had  the  nultiple  substrate  specificity. 

Va  have  prepared  hybridoaa  calls  that  produce  wonoclonal  antibody  against  CaM-kinase  fron  rat 
brain.  The  monoclonal  antibody  was  of  the  IgH  class  of  ^aunoglobulins  and  crossreacted  with  a 
subunit  of  the  ansyae  with  Hr.  49»000»  but  not  with  a  subunit  with  Mr.  60,000.  There  was  no  cross- 
reaction  with  the  Ca*^»  calmodulin-dependant  phosphodiesterases  calclneurin  and  other  calmodulin- 
binding  proteins  from  the  brain.  The  analysis  of  various  tissues  by  iamunoblotting  showed  the 
presence  of  isunoreactive  proteins  %rith  Mr.  52sOOO  in  the  spleen,  stcmach,  pancreas,  lung  and 
adipose  tissue  and  with  Mr.  55,000  in  the  skeletal  muscle  and  heart. 

The  endogenous  substrate  in  the  brain  was  eitamined.  We  found  that  CaM-kinase  could  phospho- 
rylate  nyoain  Isolated  from  the  brain.  The  phosphorylated  proteins  were  two  light  chains  and  the 
heavy  chain  of  myosin.  Only  the  seryl  residue  in  the  light  chains  and  heavy  chain  was  phospho¬ 
rylated.  The  phosphorylation  of  brain  myosin  by  the  ensyme  led  to  an  increase  In  actln-activated  Mg- 
ATPase  activity.  The  results  suggest  that  brain  myosin  is  regulated  by  brain  CaM-kinase  in  a  similar 
manner  to  smooth  muscle  except  for  the  phosphorylation  of  the  heavy  chain. 


fpiOCLONAL  ANTIBODIES  TO  PBOTEIM  KINASE  C 
Mochly*Eosan  and  Koahland,  Jr., 
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‘*ltaiversity  of  California,  Berkeley,  Department  of  Biochemistry 


The  phospholipid  and  calcium  dependent  protein  kinase  C  autophosphorylates  both  on 
the  catalytic  and  the  i^gulatory  domains.  The  autophosphorylation  increases  the 
activity  of  the  entyms  by  changing  the  Km  for  its  protein  substrates.  We  have 
prepared  monoclonal  antibodies  against  the  purified  eneyme  which  inhibit  the 
activity  of  protein  kinase  C.  One  monoclonal  antibody  Inhibits  both  the  Intact 
enzyme  and  a  catalytic  fragment  obtained  by  limited  proteolysis.  The  activity  of 
this  catalytic  fragment  Is  independent  of  phospholipids  and  calcium  and  the  fragment 
can  no  longer  autophosphorylate.  Another  monoclonal  antibody  is  an  effective 
inhibitor  of  only  the  intact  enzyme.  A  third  antibody  inhibits  the 
autophosphorylation  of  the  enzyme,  but  increases  the  phosphorylation  activity  of  the 
enzyme  towards  its  protein  substrate.  Therefore  these  antibodies  can  be  used  as 
■srkers  for  the  various  domains  of  the  enzyme. 


190  NERVE  GROWTH  FACTOR  (NGF)  OR  F0R5K0LIN  REDUCES  Ca^+ZCALMODULIN-DEPENDENT  PROTEIN  KINASE  III 

(CaM  KINASE  III)  ACTIVITT  IN  CELL-FREE  EJCTRACTS  OF  PC  12  CELLS.  A. C. Naim,  R.A.Nlchols,  &  H.C. 
Palfrey*,  Lab.  of  Molec.  6  Cell.  Neuroscl.,  Rockefeller  Univ.»  New  York,  NY  10021,  and  *Dept.  of 
Pharmacol.  6  Physiol.  Sci.,  Unlv.  Chicago,  Chicago,  II  60637. 

CaM  kinase  III  phosphorylates  a  protein  of  Mr  100,000  (100k),  a  major  substrate  for  CaM-dependent 
protein  phosphorylation  found  In  many  mammalian  tissues  and  cell  lines  (Naim  et  al,  PNAS  82,  7939 
1985).  A  number  of  recent  studies  have  shown  that  treatment  of  PC  12  cells  with  NGF  or  fors^kolin 
leads  to  a  decrease  in  the  CaM-dependent  phosphorylation  of  lOOk  in  cytosolic  extracts.  The  effect 
of  NGF  on  the  phosphorylation  of  100k  was  observed  after  1  hour,  the  effect  was  maximal  (30K  of 
control)  after  12  hours,  and  the  effect  began  to  reverse  after  24  hours.  Hie  effect  of  forskolin 
was  mu  e  rapid,  the  maximal  effect  was  greater  (5-lOZ  of  control),  and  the  effect  did  not  reverse 
unless  forskolin  was  removed.  Studies  in  which  purified  100k  and  catalytic  levels  of  cell  extracts 
were  used  suggest  that  the  effects  of  NGF  and  forskolin  was  to  reduce  the  activity  of  CaM  klnaae  III 
in  cell  extracts.  The  levels  of  lOOk  was  not  changed  by  these  treatments.  Addition  of  cell 
extracts  to  partially  purified  CaM  kinase  III  did  not  affect  its  activity,  suggesting  the  absence 
of  an  inhibitor.  In  addition,  the  effect  of  NGF  or  forskolin  on  CaM  kinase  III  was  stable 
following  extraction  of  the  enzyme  from  PC  12  cellsr  These  results  suggest,  therefore,  that  the 
effect  of  NGF  or  forskolin  is  to  lower  the  total  amount  of  CaM  kinase  III  per  se,  not  to  alter  its 
activity.  Similar  results  were  obtained  with  NG108-15  and  NCB20  cells,  two  other  neural  cell  lines 
(Supported  by  AH-20595  (RCP)). 


J  GOMADOTHOPIM  BgT.rASIWG  HORMOME  IMDUCES  THE  PHOSPBOgYlATIOM  OF  SPECIFIC  FITUITAtt  PBOTEIMS; 

j  DIRECT  mvOLVEMEWt  OF  PPOTEOI  KINASE  John  Nestor.  Jr.  and  Berta  Strulovlcl.  In»tltutea  of 
‘  Bloorganic  Chemlntry  and  Biological  Sciencea,  Syntax  Resaarch,  Palo  Alto,  CA  94043. 

Tha  object  of  tha  preaant  study  was  to  danonstrata  the  involvawant  of  protain  klnasa  C  (PKC)  In  tha 
signal  transduction  of  Gn-RH  action  by  a)  tasting  the  ability  of  potent  Gn-RH  analogs  to  induce 
selactlva  phosphorylation  of  protain  substrates  in  intact  rat  pituitary  cellSi  and  b)  quantitating 
the  nunber  of  (’h)  PDBu  binding  sites  in  tha  cytosol  and  particulate  fraction  of  pituitary  cells 
upon  stlnulation  with  Gn*RH  agonists.  Exposure  of  ^^P-labalad  rat  pituitary  cells  to  niA  (10~  M)  or 
die,  (5x10”’m)  or  Gn-RB  (lO'^M)  or  a  "auperagonist"-RS  94991,  followed  by  SDS-Page  and  autoradio¬ 
graphy,  induced  phosphorylation  of  a  42-kDa,  a  37-kDa,  ll-kOa  and  10-kDa  proteins.  Preincubation  with 
potent  Gn-RH  antagonists  (RS  29226  or  RS  68439)  for  one  hour  followed  by  Gn-RH  (10  nin,  10~*M) 
prevented  the  Gn-RH  effect  in  a  dose  dependent  Banner,  idille  leaving  the  effect  of  PMA  or  diC,  intact. 
"Down-regulation"  of  PKC  or  preincubation  with  H-7,  a  PKC  inhibitor,  prevented  the  effect  of  both 
groups  of  agents  (Gn-RH  or  PMA),  suggesting  that  the  phosphorylation  induced  by  either  agent  is 
mediated  via  PKC  either  directly  (PHA  or  diC,)  or  through  endogenous  production  of  dlacylglycerols 
(Gn-RH  and  RS  94991).  By  assessing  Che  ability  of  various  Gn-RH  analogs  Co  promote  the  translocation 
of  PKC  from  Che  cytosol  Co  Che  particulate  fraction  of  Che  pituitary  cells,  the  following  rank  of 
potency  was  observed:  RS  94991  >  Gn-RH  >  fCly^l  LH-RH  >  [His^]  LH-RH  -  control.  Taken  together, 
these  data  suggest  a  direct  correlation  between  the  extent  of  translocation  of  PKC  to  the  particulate 
form,  phosphorylation  of  cellular  substrates  and  ultimately  LH/FSH  secretion. 


DIRECT  STIHULATION  OF  PROTEIN  KINASE  C  BY  ARACHIDONATE  IS  ASSOCIATED  WITH  PLATELET  ACTIVA¬ 
TION.  Hasakatsu  Nishikawa.,  *H1royo$hi  Hidaka..  **Robert  S.  Adelstein  and  Shigeru 
Shlrakawa  Oept.  of  Internal  Hed.II  and  *Dept.  of  Pharmacol ., Hie  University  School  of  Hed. 
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Arachldonate  (AA)  and  other  unsaturated  fatty  acids  stimulated  protein  kinase  C  In  a  dose-dependent 
nianner(S-50  ug/ml),  when  protein  C  was  assayed  with  either  histone  H-1  or  the  20,000-dalton  m)h>s1n 
light  chain.  Arachidic  acid  and  methyl  arachldonate  did  not  stimulate  protein  kinase  C.  AA  also 
stimulated  the  endogenous  phosphorylation  of  40,000-dalton  and  20,000-dalton  proteins  In  the  cytosol 
(100,000g  supernatant)  of  human  platelets.  The  addition  of  H-7,  an  inhibitor  of  protein  kinase  C,  in¬ 
hibited  AA-induced  phosphorylation  of  these  proteins.  When  human  platelets  were  activated  by  AA,  a 
biphasic  pattern  of  platelet  ag^-egatlon  and  secretion  was  observed  corresponding  to  the  dose  of  AA 
and  these  responses  were  closely  associated  with  the  phosphorylation  of  the  40,000  and  20,000-daUon 
proteins.  Platelet  activation  Induced  by  the  low  levels  of  AA(0.1-5ug/m1 )  was  Inhibited  by  aspirin, 
whereas  that  Induced  by  high  levels  of  AA(10-50ug7m1 )  was  not  inhibited.  Other  unsaturated  fatty 
acids  at  the  same  concentration  also  induced  platelet  aggregation  which  was  not  inhibited  by  aspirin. 
Arachidic  acid  and  methyl  arachldonate  did  not  Induce  platelet  responses.  These  results  suggest  that 
the  mechanism  of  platelet  activation  by  high  levels  of  AA  Is  different  from  that  induced  by  low  levels 
of  AA  and  that  the  ability  of  AA  to  directly  activate  protein  kinase  C  may  account  for  the  activation 
of  platelets  by  high  levels  of  AA. 
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To  clarify  the  roles  of  protein  kinase  C  in  the  signal  transduction  and  cell  proliferation,  we 
determined  its  primary  structure  by  protein  sequencing  and  cDNA  cloning. 

Protein  kinase  C  was  purified  to  homogeneity  as  reported  by  Inagaki  et  al.  (J.  Biol.  Chem.,  260, 
2292,  1985).  Peptides  produced  by  digestion  with  lysylendopeptidase  were  separated  and  sequenced.  cONA 
(  clones  were  Isolated  from  rabbit  cDNA  libraries  with  oligonucleotide  probes  synthesized  on  the  basis 
i  of  the  peptide  sequences.  The  isolated  cDNA  clones  were  classified  into  three  types,  each  of  which 
i  encodes  a  protein  with  closely  related  primary  structures.  The  amino  acid  sequences  of  peptides 
i.  obtained  from  the  '^purified*'  enzyme  can  be  explained  by  assuming  that  the  preparation  is  a  mixture  of 
V  these  isozymes. 

S  Existence  of  multiple  protein  kinase  C  species  raises  the  possibility  that  these  isozymes  share 

I"  different  functional  roles  In  signal  transduction  cu^d  cell  proliferation. 


104  DIFFERENT  Ca2+  REQUIREMENT  FOR  THE  PHOSPHORYLATION  OF  Hi  HISTONE  AND  ENDOGENOUS  PROTEINS 
BY  THYROID  PROTEIN  KINASE  C. 

B.  Omrl,  H.F.  Breton  and  H.  Pavlovic-Hournac.  Units  96  INSERM  -  94275  Le  Kreralln-BicStre  Cedex  (F). 

Thyroid  protein  kinase  C  (PKc)  from  cytosols  of  porcine  and  rat  glands  was  characterized  by  using 
histone  Hj  or  endogenous  proteins  as  substrates.  Enzyme  from  both  species  had  similar  kinetic  and 
chromatographic  properties  and  phosphorylated  the  same  substrates  (18  KOa,  22-25  KDa  and  32-36  KDa 
proteins).  However,  It  was  found  that  Ca^'*'  reguiranent  for  the  activation  of  the  PKc  greatly  differed, 
depending  whether  H]  or  endogenous  proteins  served  as  substrates.  While  for  the  phosphorylation  of  Hi 
calcium  was  absolutely  necessary  ;  Its  addition  was  not  Indispensable  when  endogenous  proteins  served 
as  substrates.  In  the  latter  case,  almost  the  same  rate  of  phosphorylation  was  obtained  with  and 
without  0.2  aM  Ca^'*'  In  the  Incubation  medium.  However,  the  one  dimensional  PAGE  revealed,  that  pat¬ 
terns  of  labelled  proteins  were  different  In  essays  with  and  without  calcium.  In  the  presence  of  Ca^'*', 
modifications  were  observed  in  the  zone  of  32-36  KDa  proteins.  However,  calcium  alone  without  phospho¬ 
lipids,  did  not  have  any  effect  on  the  phosphorylation  pattern  of  these  proteins. 

When  proteins,  phosphorylated  only  when  Ca^'*'  was  present,  were  resolved  by  the  two  dimensional 
PAGE,  at  least  5  additional  spots  different  from  those  labelled  In  the  absence  of  calcium,  were  noted 
In  the  region  of  32-36  KDa  ;  their  PI  range  was  frm  5-7.5. 

In  conclusion,  a  very  low  concentration  of  Ca’+,  If  any,  was  sufficient  for  the  activation  of  the 
PKc  and  phosphorylation  of  a  large  number  of  endogenous  substrates.  Higher  Ca^'*'  concentrations  induced 
the  phosphorylation  of  additional  proteins.  It  could  be  that  modulations  of  Ca2+  concentration  play  a 
role  In  the  selection  of  protein  substrates  that  are  phosphorylated  by  the  PKc. 


195  RAPID  ACTIVATION  OF  CALMODULIN-KINASE  III  IN  MITOGEN-STIMULATED  HUMAN  FIBROBLASTS. 

H.C.  Palfrey,  A<C.  Naim*,  J.  Kuchlbhotla,  L.L.  Huldoon  and  M.  Villereal.  Dept,  of  Phanoa- 
col.  &  Physiol.  Sci.,  Univ.  of  Oilcago,  Chicago,  IL  60637  and  *Rockefeller  Unlv. ,  M.Y.,  N.Y.  10029, 

Ue  recently  characterized  (Maim  et  al.,  PNAS,  7939,  1985)  a  novel  calmodulin-dependent  protein 
kinase  (CaH-PK  III)  in  manalian  tissues  that  preferentially  phosphorylates  an  abundant  Mr  100,000 
cytosolic  protein  (lOOK).  Polyclonal  antibodies  have  now  been  used  to  precipitate  lOOK  from  prelabel¬ 
led  quiescent  huoun  fibroblasts  stimulated  with  a  variety  of  growth  factors  and  other  agents.  Human 
lung  <WI38)  or  foreskin  (HSWP)  fibroblasts  were  serum-deprived  for  4-36h  prior  to  labelling  for  Ih  in 
Pi-free  medium  with  0.2  «Cl/ml  ^^Pi*  Mitogens  were  then  added  for  various  times,  cells  solubilized 
with  detergent  and  lOOK  immunoprecipitated.  32p  incorporation  into  lOOK  was  quantitated  by  SDS-PAGE 
end  counting  of  gel  alicea.  Serum  (lOX)  led  to  a  5-10  fold  Increase  In  lOOK  labelling  within  1  min  but 
by  5  min  32p  incorporation  had  returned  to  baseline.  Similar  effects  were  obtained  with  lys-bradyklnln 
or  vasopressin  (lOOoM).  Extracellular  Ca  was  not  required  for  these  responses,  consistent  with  previous 
findings  that  peptide  mitogens  activate  the  PI  cycle  to  produce  IP3  and  release  of  Ca  from  intracellu¬ 
lar  stores.  The  time  course  of  lOOK  phosphorylation  Induced  by  peptide  mitogens  agreed  well  with  the 
transient  rise  In  free  intracellular  Ca  (determined  by  fura-2  fluorescence)  caused  by  the  same  agents. 
The  Ca  and  CaK  antagonists  TFP  (50uH),  TMB-8  (50uM)  and  U-13  (lOOuM)  all  reduced  growth  factor  effects 
on  lOOK  phosphorylation.  A23187  (lOuM)  led  to  a  slower  increase  In  lOOK  phosphorylation  that  was  depen¬ 
dent  on  extracellular  Ca.  These  results  show  that  mitogenic  stimulation  of  quiescent  fibroblasts  leads 
to  a  rapid  activation  of  Cal^PK  III  and  phosphorylation  of  its  major  substrate.  (Supported  by  AM-2059S 
(HCP  and  MLV)  and  GM-28359  (NLV). 


196  GOLD  COMPOUNDS  MAY  ALTER  TRANSDUCTION  OF  INFLAMMATORY  SIGNALS  AT  THE  LEVEL  OF  PROTEIN 

KINASE  C.  Perente,  M.D.  Tyers?  C.B.  Harley?  P.  Davi8*and  K.  Wongf 

Gold  compounds  such  as  auranofin  (AUR)  and  gold  sodium  thiomalate  (GST)  are  used  therapeutically 
to  treat  rheumatoid  arthritis  however  the  mode  of  action  of  these  drugs  in  the  remission  of  disease 
symptoms  remains  unknown.  Previous  ^  vitro  studies  have  shown  that  human  neutrophil  responses 
elicited  by  phorbol  esters  and  chemotactic  tripeptides  are  inhibited  by  AUR  and  less  potently  by 
GST.  Since  activation  of  protein  kinase  C  (PKC)  occurs  in  response  to  both  agonists,  the  effects  of 
AUR  and  GST  on  PKC  were  investigated.  Cell-free  incubations  showed  that  AUR  did  not  influence  the 
activity  of  PKC  Isolated  from  the  cytosol  of  resting  cells.  When  intact  neutrophils  were  incubated 
with  7.6  -  20.3  uM  AUR,  cytosolic  PKC  activity  decreased  in  a  time-  and  dose-dependent  manner  so 
that  by  45  minutes  PKC  activity  had  dropped  by  10  -  75  X.  Membrane-associated  PKC  activity  from 
drug  treated  cells  was  concomitantly  elevated  although  the  amount  recovered  could  not  account  for 
that  lost  from  the  cytosol.  GST  (5.0  uM  -  0.5  nM)  displayed  similar  effects  on  PKC  as  AUR  but  tg 
a  lesser  extent.  Pretreataent  of  neutrophils  with  the  gold  compounds  decreased  the  phorbol  ester- 
induced  accumulation  of  PKC  activity  in  the  membrane  fraction  to  a  level  intermediate  between  that 
for  cells  stimulated  with  phorbol  ester  and  either  AUR  or  GST  alone.  Antiarthricic  gold  compounds 
appear  to  alter  signal  transduction  at  the  level  of  PKC,  possibly  by  increasing  the  affinity  of  the 
kinase  for  the  plasma  membrane  without  causing  cellular  activation. 

Supported  by  the  Alberta  Heritage  Foundation  for  Medical  Research,  the  Canadian  Arthritis  Society  and 
the  Medical  Research  Council  of  Canada.  Department  of  Medicine,  University  of  Alberta,  Edmonton, 
Alberta,  ^Department  of  Biochemistry,  McMaster  University,  Hamilton,  Ontario,  Canada. 


197  MULTI-SITE  PflORBOL  ESTtE  KE6ULATI0R  OP  GB3  CELL  ADEMTLATE  CtCLASE 

Lavr«iicc  A.  QuilliM,  PmIIim  K.M«  DoWoo  and  B.L»  Braim.  D«p«rC«ent  of  Humq  Notabollta  & 
Blochealstr;,  Onlveralty  of  Shoffiold  Nodical  School,  Beech  Rill  Rood,  Sheffield  SlO  2IX,  OR* 

Ve  hove  recently  deeonetreted  choc  e  phorbol  eeter  (PDBu)  etleuletee  cyclic  AKP  productloo  In  CRj 
pituitary  tueour  cello,  even  after  pretreateeot  with  cholera  or  pertuaala  toxlna  (!)•  He  now  report 
that  thla  effect  peralata  In  GH3  cell  neebrane  preparatiooa  and  la  enhanced  by  a  cytoaolle  factor 
which  can  be  tranalocated  to  the  eeabrane  by  prelncuhatlon  of  cella  with  PDBu. 

In  addition  to  thla  atleulatory  effect,  PDBo  attentuated  VIP-atlaulatcd  cyclic  AMP  production  In 
intact  cella  (1).  We  now  ahow  that  In  addition  to  decreaolnt  the  aaxlaal  VIP  reaponae,  PDBu  cauaea  a 
amall  right  ahlft  in  the  VIP  done  reaponae  curve.  Theae  obeerraclooa  cannot  be  repeated  In  broken 
cell  preparationa  and  prcllslnary  atudlea  auggeat  that  eaxleue  VIP-receptor  binding  la  not  affected  by 
PDBu. 

After  prelncuhatlon  of  cella  with  ozotreeorlne  (oxo)  which  Inhlblta  adenylate  cyclaae  via 
receptora,  PDBu  cauaed  a  larger  fold  increaae  in  cAMP  production  (4.8  ^  0.9  fold)  than  in  the  abaence 
of  0X0  (2.2  ^  O.S  fold).  Alao,  in  contraat  to  the  prevloualy  reported  attenuation  (1),  PDBo  waa 
aynerglatlc  with  VIP  In  atlaulatlng  cyclic  AMP  production  after  0x0  treataent.  Thla  auggeata  that  aa 
well  aa  atlaulatlng  baaal  and  attenuating  VIP  atlaulated  adenylate  cyclaae  In  a  pertuaala  toxin 
realatant  faahlon,  PDBu  can  alao  realat  Inhibition  of  the  enajrae  through  N|^.  C-klnaae  aedlated 
phoaphorylatlon  of  could  explain  all  3  obaervatlona,  however,  theae  effecta  aay  be  regulated 
Individually. 

(1)  LA  Qullllaa  at  ^  (1985)  BBRC  129  898-903. 


PHOSPHORYUTION-DEPHOSPHORYLATION  OF  A  SYNAPTOSOMAL  PROTEIN  OF  M-  96,000  (P96). 

P.J.  Robinaon  and  W.  Lovenberg.  Merrell  Dow  Reaearch  Institute,  2ri0  E.  Galbraith  Road, 
Cincinnati,  OH  45215.  32 

When  intact  syoaptoaonea  froe  rat  brain  are  incubated  with  P>,  a  protein  of  eolecular  eaaa 
96,000  (teraed  P96)  becoaea  labeled.  Upon  depolarisation  with  41  bH  R  P96  la  rapidly  and 
extensively  dephoaphorylated.  By  contraat,  depolarisation  atlaulatea  the  phoaphorylatlon  of 
aynapaln  I  by  activation  of  calaodulln-dependent  protein  kinase,  and  of  an  "67kDa"  aynaptoaoaal 
protein  by  activation  of  protein  klnaae  C  (PRC).  Dephoaphorylatlon  of  P96  waa  fully  reversible 
when  the  Increased  K  was  returned  to  4.7  aH,  and  a  total  of  5  cycles  of  phoaphorylatlon-dephos- 
phorylatlon  were  achieved.  Dephoaphorylatlon  of  P96  was  dependent  on  extracellular  calclua,  but 
when  intracellular  calclua  was  raised,  without  actlvetlng  the  calclua  channel,  dephoaphorylatlon 
did  not  occur.  Thus  P96  dephoaphorylatlon  was  not  dependent  slaply  on  s  rise  In  Intracellular 
calclua,  but  alao  on  the  aechanisa  of  calclua  entry.  The  phosphorylation  of  P96  was  regulated  by 
cyclic  nucleotides  and  calclua.  In  Intact  synaptosowes  dlbutyryl  cAHP  Increased  P96  phosphoryla¬ 
tion.  The  Increase  was  not  aedlated  by  calclua-dependent  protein  kinases  since  stlaulatlon  also 
occurred  In  the  presence  of  f luphenatlne,  which  Inhibits  these  ensyaes.  The  prlaar]^2P^^^*^*^  kinase 
that  phosphorylates  P96  appears  to  be  PRC.  In  lysed  synaptosoaes  labeled  with  (Y-  PjATP  a  96,000 
dalton  protein  was  phosphorylated  only  In  the  presence  of  calclua  and  phosphatldylserlne. 
Phosphopeptlde  aapplng  of  this  protein  and  of  P96  froa  Intact  synaptosoaes  deaonstrated  that  the 
two  proteins  are  likely  to  be  the  saae.  P96  aay  play  an  laportant  role  in  nerve  terminal  function. 


199  A  NOVEL  INHIBITOR  OF  MLCR,  ML-9,  PRODUCES  VASCULAR  RELAXATION 

M.  Saitoh  and  H.  Htjaka,  Dept,  of  Pharmacology,  Mie  University  School  of  Medicine,  Mie  514,  Japan. 

Two  types  of  Ca^  -dependent  protein  phosphorylation  are  established  major  general  ^chanlsas  by 
which  intracellular  events  are  controlled  by  external  stlaull.  One  Is  catalyzed  by  Ca  ^^calaodulln 
dependent  protein  k^ase,  myosin  light  chain  kinase  (MLCR).  The  other  species  of  Ca  -dependent 
protein  kinase  is  Ca^  -activated,  phospholipid-dependent  protein  kinase  (protein  kinase  C).  Recently 
we  synthesized  a  potent  and  selective  Inhibitor  of  protein  kinase  C,  referred  to  as  R-7,  and 
Investigated  the  role  of  protein  kinase  C  by  using  H-7  In  aany  tissues.  The  phosphorylation  of  the 
regulatory  light  chain  of  myosin  catalyzed  by  MLCR  is  obligatory  for  the  stlaulatlon  of  myosin  ATPase 
In  both  sBooth  auscle  and  nonouscle  tissues,  a  prerequisite  for  tension  development .  ^^."Calaodulin 
antagonists"  have  been  used  as  pharmacological  tools  to  elucidate  the  function  of  Ca  -caXaodulln 
dependent  MLCR  In  vitro  and  In  vivo  by  Inactivating  calmodulin.  However,  no  compound  Is  available, 
which  directly  inhibit  the  catalytic  activity  of  the  enzyme  not  via  calmodulin.  i-(5-chloro- 
naphthalenesulfonyl)-lR-hexahydro-l,4-dlazepine 2^ML-9) •  idilch  Is  a  newly  83mthe8ized  coiq>ound,  was 
found  to  exhibit  the  same  Ri  value  for  both  Ca  -calaodulin  dependent  and  Independent  activities  of 
MLCK,  and  inhibit  the  other  protein  kinases  such  as  protein  kinase  C  with  the  Ri  values  of  at  least 
an  order  of  magnitude  higher  than  for  MLCK.  Rlnetlc  analysis  rsvealed  that  ML-9  was  a  co^>etltlve 
inhibitor  vs.  AT?  and  noncosq>etltive  Inhibitor  vs.  HLC  in  the  catalytic  reaction.  These  results 
suggest  that  ML-9  bind  at  the  active  center  of  MLCR  resulting  in  inhibition  of  the  catalytic  activity 
of  MLCK.  Potent  vaso-relaxlng  effect  of  ML-9  on  rabbit  vascular  strips  as  well  as  saponin  treated 
skinned  vascular  fibre  was  discussed  in  the  relation  to  the  in  vivo  inhibition  of  MLCR  by  KL-9. 


HENAOIONE  ALTERS  FUNCTIONAL  RESPONSE  AND  PROTEIN  PHOSPHORYLATION  EVENTS  IN  RESTING  AND 
STIMULATED  HUMAN  NEUTROPHILS.  H.  P.  ShakarJIan  and  R.  A.  Carchaian.  Department  of  Pharmacology  and 
Toxicology,  Medical  College  of  VIrgInla/VCU,  Richmond,  VA  23298. 

Menadione,  a  derivative  of  the  natural  vitamins  K,  has  antineoplastic  and  antllnflamaatory  properties. 
Its  profound  biochemical  effects  upon  resting  and  stimulated  neutrophils  make  these  cells  a  likely 
target  for  several  of  Its  purported  therapeutic  actions.  Me  found  that  superoxide  dlsmutase-lnhlblt- 
able  02*  production,  a  major  contributor  to  leukocyte-mediated  Inflamnatlon,  mas  enhanced  In  resting 
neutrophils  by  menadione,  as  a  function  of  cell  nuaber,  time  and  drug  concentration.  Conversely,  In 
phorbol  myristate  acetate  (PMA)  stimulated  neutrophils,  menadione  significantly  reduced  the  rate  and 
magnitude  of  02'  generation.  The  release  of  0^'  Induced  by  fomylated  peptide  (fmlp)  and  calcium 
lonophore  were  also  Inhibited  In  concentration  dependent  manner  by  menadione.  As  protein  phosphory¬ 
lation  may  represent  a  common  event  preceeding  the  functional  response  produced  by  these  stimuli, 
the  effect  of  menadione  on  this  parameter  was  also  examined.  In  experiments  with  whole  cell  suspen¬ 
sions  of  human  neutrophils,  menadione  produced  a  low  level  but  concentration  related  Increase  In 
phosphate  Incorporation  Into  endogenous  protein  substrates  with  apparent  molecular  weights  of  S8K  and 
62K.  Moreover,  menadione  enhanced  protein  phosphorylation  In  neutrophils  stimulated  by  PMA,  fmlp,  or 
lonophore.  These  results  further  Implicate  the  role  of  protein  phosphorylation  as  possible  loci  of 
the  Interaction  of  menadione  with  the  signal  transduction  pathways  In  the  neutrophil.  (Supported 
by  NIEHS  grant  Nos.  ES03572  and  T  32  ES07087.) 


201  S6  KINASE  ACTIVITY  OF  ASTROCYTES  STIMULATED  BY  INSULIN,  IGFl,  AND  PHORBOL  ESTER. 

0.  Toru-Delbauffe,  M.  Pierre,  J.M.  Gavaret,  M.  Ponerance,  t  C.  Jacquemln.  INSERM  U.96  - 
78,  rue  du  SSneraT  Leclerc.'  94275  KREMLIN  BICETRE  Cedex  (France). 

Treatment  of  cultured  astrocytes  from  two  day  old  rat  cerebral  hemispheres,  with  Insulin  or  IGFl 
leads  to  a  rapid  activation  of  a  cytosolic  protein  kinase  activity  which  phosphorylates  the  rlbo- 
somal  protein  S6.  This  activation  Is  observed  as  early  as  five  minutes  after  Insulin  addition  to 
the  culture  medium  and  It  Is  maximal  by  60  minutes.  Concentration-response  curve  shows  an  activation 
Increasing  from  10*9  m  to  a  maximal  value  at  ID*'  M  of  Insulin.  In  cytosolic  extracts  from  cells 
treated  with  Insulin,  the  cyclic  AMP  dependent  protein  kinase  activity,  protein  kinase  C  activity 
and  protein  kinase  activities  tested  on  histones  H2b  or  phosvitin  are  not  modified.  The  S6  kinase 
activity  promoted  by  Insulin  treatment  Is  separated  from  main  cytosolic  protein  kinases  by  Ion 
exchange  chromatography. 

Exposure  of  astrocytes  to  tumour  promoter  phorbol  ester  (TPA  10*'  M)  also  produces  a  rapid 
Increase  of  the  S6  kinase  activity  In  the  cytosolic  fraction.  Simultaneously  protein  kinase  C 
activity  disappears  from  the  cytosol  In  which  cyclic  AMP  dependent  protein  kinase  and  phosvitin 
kinase  activities  are  not  affected. 

These  effects  of  Insulin,  IGFl  and  TPA  are  also  observed  In  the  presence  of  cycloheximide.  These 
data  Indicate  that  S6  kinase  activity  In  astrocytes  Is  promoted  from  a  preexisting  molecule,  probably 
via  the  tyrosine  kinase-insulin  receptor  and/or  protein  kinase  C. 


THREE  DISTINCT  FORMS  OF  TYPE  2A  PROTEIN  PHOSPHATASE  IN  HUMAN  ERYTHROCYTE  CYTOSOL. 

Hirofuml  Usui,  Michlnori  Imazu,  Kouji  Maeta,  Hanihisa  Tsukanoto,  Kazuyoshi  Azuna,  Masao  Takeda, 
Department  of  Biochemistry,  Hiroshima  University  School  of  Medicine,  Kasuni,  Minasii-ku,  Hiroshima 
734,  Japan, 

Three  distinct  forms  (I,  III,  IV)  of  type  2A  protein  phosphatase  in  human  erythrocytes  were  puri¬ 
fied  to  near  homogeneity,  as  judged  by  polyacrylamide  gel  electrophoresis  (PAGE) .  The  apparent 
molecular  weights  of  I,  III  and  IV  were  estimated  from  Stokes  radii  and  S2d,w  values  to  be  180,000, 
177,000  and  104,000  respectively.  From  the  molecular  weights  and  intensities  of  the  Coomassie  blue- 
stained  bands  which  were  separated  by  sodium  dodesyl  sulfate-PAGE  (Laemmli),  subunit  structures  were 
determined  to  be  uiBidi  for  I,  UiSiYi  fur  III  and  UiBi  for  IV.  a,  B,  y  and  6  migrated  as  34kDa, 
63kDa,  53kDa  and  74kDa  bands  respectively.  The  treatment  with  8oi  ethanol  converted  I,  III  and  IV 
into  Mr  *  31,000  forms  (34kOa  bands)  which  had  essentially  the  same  physical  and  catalytic  properties, 
and  heparin -Sepharose  column  chromatography  converted  more  than  901  of  I  and  20-301  of  III  to  lower 
molecular  weight  forms  which  were  indistinguishable  from  IV  (UiBi)  in  physical  and  catalytic 
properties,  indicating  that  I,  III  and  IV  have  a  common  subunit  structure  of  OiBi.  Specific  activity 
(units/mg)  of  aiBiBi,  OiBiYi,  UiBi  and  a  were  400,  5000,  1500  and  6500  respectively,  with  P-H2B 
histone  as  substrate,  and  were  50,  50,  300  and  1000  respectively,  with  phosphorylase  a  as  substrate. 
From  these  values,  it  was  suggested  that  B  suppressed  these  phosphatase  activities  of  a,  and  y 
stimulated  P-H2B  histone  phosphatase  activity  of  OiBi  but  inhibited  the  phosphorylase  phosphatase 
activity,  S  was  assumed  to  suppress  strongly  these  phosphatase  activities  of  OiBi.  The  molar  ratio 
of  I,  III  and  IV  in  human  erythrocyte  cytosol  was  estimated  to  be  7:1:13. 
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WhAT  IS  THE  FUNCTION  OP  N-DOHAIN  THE  STItUCTURE  OF  WHICH  IS  IDENTICAL  AMONG  METAZOAN 
CALMODULINS?  Koichi  Tagi  Departaent  of  Chenistry*  Hokkaido  Universiy^  Sapporo^  JAPAN 


Calaodulins  have  been  iaoiated  from  various  vertebrates*  invertebrates*  fungi  and  plants.  The 
priaary  structures  froa  N'^terainal  to  glycine  at  98th  positicm  are  identical  among  the  metazoan 
calmodulins.  According  to  the  ^H-'NMR  study  of  calmodulin*  N-domain  and  C-domain  after  separation  by 
trypsin  maintained  an  identical  conformation  as  those  in  the  mother  protein*  resMctively.  It 
Indicates  that  no  interaction  between  the  two  domains  exists  in  calmodulin.  Ca^  exchange  rates 
were  estimated  to  be  about  300-500  sec’  in  the  N-domain  and  3-10  sec’^  in  the  C-domain.  Ca^^ 
binding  were  measured  using  flow-dialysis  method.  The  two  low  affinity  sites  are  located  in  N- 
domain  and  the  two  high  affinity  sites  in  C-domain.  The  two  mol  of  Ca^  binding  to  each  domain  were 
positively  cooperative*  but  no  interaction  was  observed  between  the  binding  of  two  domains. 

Therefore*  the  two  domains  behave  independently.  Because  of  their  different  Ca^^  binding 
properties*  the  two  domains  are  expected  to  take  different  parts  in  receiving  Ca^^  signals.  Our 
results  suggest  that  Ca^*  first  binds  to  the  C-domain  and  the  Ca^‘‘'-saturated  C-domain  anchors  it  to 
the  target  proteins.  N-domain  then  quickly  respond  to  a  small  change  in  the  Ca^^  concentration* 
working  directly  in  the  Ca^"*^  regulation.  Although  it  is  not  yet  clear  why  the  primary  structures  of 
N-domain  are  maintained  strictly  to  be  the  same*  it  must  be  needed  to  fulfill  the  transfer  of  Ca^*- 
carrying  information  precisely  in  Metazoa.  It  can  also  be  speculated  that  a  common  structure  to 
accept  N-domain  is  present  in  many  target  proteins. 


204  IDENTIFICATION  OF  THE  ATF.Mg-DEPENDENT  PROTEIN  PHOSPHATASE  ACTIVATOR  (F.)  AS  A  MYELIN 

BASIC  PROTEIN  KINASS  IN  THE  BRAIN.  ShUw-Der  YanR*  Mstlonsl  Tslng  Hua  University* 

Hslnchu*  Taiwan*  Republic  of  China. 

The  activating  factor  F.  of  the  ATP.Hg-dependent  protein  phoephatase  F  M  was  purified  to  near 
homoganelty  from  pig  brain  ny  a  procedure  Involving  chromatography  on  phoiphocellulose* 
phosvltln-Sepharoae  4B  and  Blue  Sepharose  CL  6&.  A  specific  myelin  beelc  protein  (KBP)  kinase  was 
found  CO  co-purify  with  P.  in  constant  ratio  throughout  purification.  It  also  proved  Impossible  to 
aeparete  the  two  activlclea  on  non-denaturing  gel  electrophoresle  end  S-20t  sucrose  density  gradient 
ulttaccntrlfugatlon.  Kinetic  study  Indicated  chat  MBP*  preaumably  a  substrate  for  F. *  could  compete 
with  F  M  for  F  and  thereby  prevent  the  F  -mediated  ecclvetion  of  the  F  M  activity.  ^All  the  results 
taken  cogether^demonstrece  chat  MB?  kinase  and  F.  ere  localized  on  the  Same  protein.  This*  together 
with  Che  data  Chat  F  *  by  activating  the  ATP .Hg-oependent  phosphetase*  promotes  the  dephosphorylatlon 
of  MBP  phosphorylatet  by  F.  Itself*  suggests  the  evidence  for  a  protein  bearing  two  opposing 
activities  involved  In  the  regulation  of  brain  functions.  Moreover*  since  F  wee  tightly  associated 
with  Che  purified  brain  myelin  membrane*  the  results  further  support  Che  notion  thee  F.  may  veil  be  an 
endogenous  protein  kinase  responsible  for  the  cyclic  phosphoryletlon-dephosphorylation  of  the  central 
nervous  system  myelin. 


IDENTIFICATION  OF  THE  ATP. Mg -DEPENDENT  PROTEIN  PHOSPHATASE  ACTIVATOR  F 
AS  A  MYELIN  BASIC  PROTEIN  KINASE  IN  THE  BRAIN  * 

Shlaw-Der  Yang 

Institute  of  Life  Science,  National  Tsing  Hua  University, Hsinchu,  Taiwan 
Republic  of  China 

The  activating  factor  F  of  the  ATP. Mg -dependent  protein  phosphatase  F  M  was  purified 
to  near  homogeneity  from  pig  brain.  A  specific  myelin  basic  protein  kiHase  was  found 
to  co-purify  with  F  in  constant  ratio  throughout  purification.  It  also  proved  impo¬ 
ssible  to  separate  Che  two  activities  on  native  disc  gel  electrophoresis  and  on  5-20 
%  sucrose  gradient  ultracentrifu.gation.  Kinetic  study  indicated  that  myelin  basic 
protein,  presumably  a  substrate  for  F  ,  could  compete  with  F  M  for  F  and  thereby 
prevent  the  F  -mediated  activation  of*the  F  M  activity.  All  Che  results  taken  toge¬ 
ther  demonstrate  that  MBP  kinase  and  F.  are'^localized  on  the  same  protein.  This,  to¬ 
gether  with  the  data  that  F  ,  by  activating  the  F  M  activity,  promotes  the  dephos¬ 
phorylation  of  MBP  phosphoryiated  by  F.  itself,  sSggests  evidence  for  a  protein  bear 
ing  two  opposing  activities  involved  ift  the  regulation  of  brain  functions.  Since  F, 
was  tightly  associated  with  the  purified  intact  brain  myelin  membrane,  the  results* 
further  support  the  notion  that  F  is  an  endogenous  protein  kinase  responsible  for 
the  cyclic  phosphorylation-dephosphorylation  of  the  central  nervous  system  myelin. 
ACKNOWLEDGEMENTS  -  This  work  was  supported  in  part  by  National  Science  Council  in 
Taiwan,  Republic  of  China. 


205  PHOSPHORYLATION  OF  BRANCHEO-CUAIM  2-OXOAClD  DEHYDROGENASE  COMPLEX  IN  ISOLATED  ADIPOCYTES 

by  S«J.  Yeaman  &  S.M.A.  Jones  (DepertaeDt  of  Biochemistry.  University  of  Mevcastle  upon  Tyne.  U.X.) 

Branched'-chein  J'-oxoecid  dehydrogenase  complex  (BCQADC)  is  regulated  by  reversible  phosphorylation. 
Phosphorylation,  which  causes  inactivation  of  the  complex,  is  catalysed  by  a  specific  kinase  intrinsic 
to  the  cMDpIex.  The  kinase  is  inhibited  in  vitro  by  the  2*«xoacid  substrates  of  the  complex.  Ue  have 
found  that  the  phosphorylation  state  of  the  co^Tex  in  isolated  rat  adipocytes  is  also  regulated  by 
the  concentration  of  branched'^chain  2-s>xoacids  in  the  medium.  Purified  cooiplex  has  also  been 
demonstrated  to  oxidise  2'oxobutyrate  and  4-methylthio*2*-oxobutyrate  with  kinetic  constants  close  to 
those  for  oxidation  of  the  branched**chain  2'‘Oxoacids.  This  iQg>licates  BCOADC  in  the  catabolism  of 
five  essential  aaiino  acids,  namely  leucine,  isoleucine,  valine,  threonine  and  siethionine.  Furthensore 
these  additional  substrates  inhibit  the  kinase  in  the  isolated  adipocyte  system,  indicating  that  they 
may  play  a  role  in  regulation  of  the  activity  of  the  complex. 


206  ADP-RIBQSYIAITGM  OP  tCM-MUSCl£  ACTIM  BY  BCnULINUM  C2  TCKIM: 

K.  Aktories,  M.  BSimann,  M.  laux,  P,  Pnesek,  K.H.  Reuner  and  B.  Sdiering.  ftidolf^ncliheiin-Institut 
fUr  IhaxTnakologie,  D-6300  Giessei^,  F.R.G. 

Botulinum  C2  tOKin  (BtCDcC2),  vdiidi  causes  hypotcnic  effects,  increase  in  vascular  permaability  and 
gut  secretion,  mcno-ADP-riJDOsylates  a  43  kDa  psrotein  in  va^^ious  cell  types  including  hunan  platelets, 
S49  lyn^ihama  cells,  neurdblastcma  x  glicma  hybrid  cells  and  duck  enbryo  cells  (CBC) .  Vfe  idmtified 
the  toxin  substrate  protein  as  actin  by  means  of  peptide  napping,  iarunoprecipitaticn  and  inmjnoblot- 
ting.  Half-naxlmal  and  maximal  M>P“rilDOsylation  of  platelet  actin  vas  found  at  0.1  and  3  pg/ml  BtaxC2. 
The  Km  value  of  the  ADP  ribosylation  reaction  for  NAD  vbs  about  1  The  ADP-ribosylated  sctin  bcund 
to  DNase  sepharose  matrix  and  vas  elated  by  guanidine**HCl  (3  M)  at  formandde  (40  %) .  Purified  plate¬ 
let  and  liver  G-actin  and  mx±\  less  platelet  and  liver  F-actin,  tut  not  skeletal  nuscle  F-  or  G-actin 
vere  ADP-ribosylated  by  BtcoeC2.  lhalloidin  blodced  the  tcxin  induced  ADP-ribosylaticn.  Ttocin-cata- 
lyzed  ADP-ribosylaticn  of  purified  actin  decreased  the  viscosity  of  polymerized  actin  and  prevented 
the  formation  of  the  typlc^  mictofilaraent  network.  BtaxC2  pretreatui^t  of  intact  cells  largely 
duced  the  ADP-ribosylaticn  of  the  protein  substrate  in  lysed  cell  pr^arations.  Purthemore,  in  3  Up¬ 
loaded  CEC,  BtCD0C2  indixad  the  labelling  of  actin.  Treatment  of  CBC  with  BtoKC2  caused  cell  roundings 
in  a  time  and  ccncentraticn  df^jendent  ntanner,  uhich  ccanrelated  with  the  toxin-catalyzed  ADP-ribosy¬ 
laticn  of  actin.  The  findings  indicate  that  actin  is  the  pathophysiological  substrate  of  BtcxC2  and 
suggest  a  fundamental  role  of  actin  in  the  pathogenetical  medanism  of  BtCB(C2.  BtaxC2  appears  to  be 
an  inportant  tool  to  study  ^ysiologiccQ.  processes  vJiidi  invol^ire  non-ituscle  actin. 

Supported  by  the  Deutsche  FOrschungsgeneinschaft. 


207  ENERGY  UTILIZATION  IN  SIGNAL  TRANSDUCTION.  R.  Dean  Astumlan  and  P.B.  Chock, 
Laboratory  of  Biochemistry,  NHLBI,  NIH,  Bethesda,  MD  20892. 

Inter-  and  intracellular  communication  require  the  expenditure  of  energy  by  a  cell.  For 
example,  signal  amplification  basically  means  an  Increase  In  the  amount  of  Information  available 
to,  and  hence  reflects  a  decrease  In  the  mntropy  of,  the  system.  This  can  be  accomplished  only 
by  the  utilization  of  stored  free  energy  such  as  that  In  ATP. 

Here  we  analyze  a  number  of  proposed  schemes  for  intracellular  signal  transduction  in  terms  of 
the  efficiency  and  effectiveness  of  energy  usage.  Criteria  used  «rere  sensitivity,  responsiveness, 
and  gain.  We  find  that  cyclic  cascade  mechanisms  present  a  significant  advantage  over  simple 
allosteric  control  In  a  number  of  respects.  Also,  some  schemes  for  allosteric  regulation  (e.g., 
"stamping”  mechanism)  are  shown  co  contradict  simple  thermodynamic  principles. 

The  key  enzymes  responsible  for  directly  mediating  communication  between  the  cell  and  Its 
environment  (intercellular  signal  transduction)  are  transmembrane  proteins.  We  discuss  ways  in 
which  these  enzymes  can  directly  use  energy  contained  in  the  membrane  potential  and  In  chemical 
gradients  of  various  substances  to  effect  transmembrane  information  transfer  and  signal  amplifi¬ 
cation. 
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INTERRELATIONSHIPS  OF  CYCLIC  ANP(cA)  AND  CALCIUH(C<24)  IN  SECRETA606UE  INDUCED 
8TINULATI0N  OF  ACID  SECRETION  IN  RAT  PARIETAL  CELLS  ENRICHED  BY  CENTRIFUSAL  ELUTRIATION.  E.D. 
BI«ck,  S.J.  Str*d*  jnd  N.J.  Tho>A*<»<<  D(p«rt«*nt  of  Phoroocology,  Univoriity  of  South  Alobaoa 
Colltgo  of  Nodtcino,  Nobllt,  AL  36A8B 

Socritagogut  otioulation  of  acid  locrctlon  and  tht  poaiibli  Intorrolationihipa  of  Ca2t  and 
cA  in  tho  ’’ogulatlon  of  atioului-aocrttlon  coupling  haa  baon  itudiad  in  anrichad  pariatal  call 
(PC)  populationa  uting  a  naaly  davalopad  cantrifugal  alutriation  procadura  for  rat  gaatric 
aucoial  call  fractionation.  Tha  PC  fraction  ia  60-BOX  pura  at  judgad  by  light  aicroicopy  and 
FACS  analyiii  and  graatar  than  9SX  viabila  at  datarainad  by  trypan  blua  dya  aiclution. 
Coaparativa  ttudiat  of  tba  ratat  of  cA  accuaulation  in  PC  uting  fortkolin  (F),  itoprotaranol 
(Ito)  and  hittaaina  (H)  and  hydrogan  ion  production  aaaturad  indiractly  uith  lAC-tainopyrina 
accuaulation  (API  tlioa  tiailar  aaaiaal  tacratory  ratat  datpita  aidaly  variant  cA  accutulation 
ratat.  Tha  calaoldulin  antagonittti  fanoctiaina  (Fnl  and  trif luoparaiina  (TFPI,  inhibit  AP 
inducad  by  all  thraa  agonittt.  Both  agantt  alto  inhibitad  carbachol  (Cl  inducad  AP  accuaulation 
(Ki  •  60  nN).  Furthar  ttudiat  utiliaing  tha  ctlciua  tantitiva,  fluoratcant  indicatort  Duin  2  or 
Fura  2  thou  that  C  incraatat  intracallular  Ca*«  froa  930  nN  to  229S  nN  uith  a  trantiant  duration 
of  i.S  to  2  tin.  Btudiat  of  H  action  aith  Fura  2  indicate  latter  involvaaant  of  Ct2f  than  thota 
of  C  uharaat  neither  F  nor  Ito  appear  to  todify  Ca2a  lavali  in  rat  pariatal  callt.  Theta  ratultt 
euggatt  a  pottibla  intarralationthip  of  both  Carr  and  cA  in  N,F  and  Ito  and  C  inducad  acid 
aacration.  Thit  rataarch  it  tupportad  by  U8PH8  grant  33S3B, 


ADENYLATE  CYCLASE  AS  A  PROBE  OF  THE  RELATIONSHIP  BETWEEN  THE  EFFECTS  OF  ETHANOL  ON  THE 
PHYSICAL  AND  FUNCTIONAL  PROPERTIES  OF  THE  MEMBRANE.  0  c  RnHn  and  P.B.  Molinoff,  University  of 
Pennsylvania,  Philadelphia,  PA  19104 

The  effects  of  ethanol  on  the  physical  and  functional  properties  of  the  plasma  membrane  were 
investigated  using  membranes  prepared  from  wild-type  S49  lymphoma  cells.  The  effects  of  ethanol  on 
the  physical  properties  of  the  membrane  were  assessed  by  measuring  the  fluorescence  anisotropy  of 
diphenylhexatriene  (DPH).  The  6-adrenergic  receptor-coupled  adenylate  cyclase  system  was  used  as  a 
probe  of  the  effects  of  ethanol  on  the  functional  properties  of  the  membrane.  The  effects  of  ethanol 
In  vitro  included  a  decrease  in  fluorescence  anisotropy  (equivalent  to  an  increase  in  membrane 
7Tu(dity),  an  increase  In  adenylate  cyclase  activity,  and  a  rightward  shift  in  the  dose-response 
curve  for  stimulation  of  adenylate  cyclase  activity  by  isoproterenol.  The  last  of  these  effects  was 
accounted  for  by  a  decrease  in  the  affinity  of  the  receptor  for  isoproterenol  in  the  presence  of 
ethanol.  Following  chronic  exposure  of  cells  to  50  mM  ethanol  for  4  days,  adenylate  cyclase  activity 
was  decreased.  There  were  no  differences,  however,  between  membranes  prepared  from  control  and 
ethanol -treated  cells  In  terms  of  the  effects  of  ethanol  in  vitro.  Anisotropy  was  lower  in  membranes 
prepared  from  ethanol -treated  cells  than  in  control  membranes'!  There  were  no  differences  in  the 
cholesterol :phospho1  ipid  ratio  or  in  the  fatty  acid  composition  of  the  plasma  membrane  between 
control  and  ethanol -treated  cells.  There  were  small  differences  in  the  phospholipid  composition,  but 
these  could  not  account  for  the  difference  in  anisotropy  between  control  and  ethanol-treated  cells. 
(Supported  by  USPHS  AA  06215) 


210  STIMULUS-SECRETION-SYNTHESIS  COUPLING  IN  LACTOTROPHS  AND  CORTICOTROPHS  OF  RAT  ANTERIOR 

PITUITARY;  ROLE  OF  CALCIUM  AND  CYCLIC  AMP.  J.R.  Dave,  L.E.  Eiden,  0.  Lozovsky,  J.A. 
Waschek  and  R.L.  Eskay.  LCS,  NIAAA,  DICBR  and  LCB,  NIMH,  Bethesda,  MO-20892. 

Stimulus-secretion-synthesis  are  continuous  events  occurring  in  most  secretory  cells;  however,  the 
nature  of  coupling  between  these  events  in  a  number  of  anterior  pituitary  hormone  secreting  cells  is 
not  clear.  The  objective  of  this  study  was  to  determine  the  role  of  calcium  and  cyclic  AMP  in  stimulus- 
mediated  secretion  and  synthesis  events  of  POMC-derived  peptides  and  prolactin  (PRL)  in  cultured  rat 
anterior  pituitary  (AP)  cells.  Treatment  of  AP  cells  with  a  calcium  channel  blocker  (0600,  10  uM)  had 
no  effect  on  beta-endorphin  (BE)  release  and  POMC  mRNA  levels.  Hov/ever,  this  treatment  produced  a  70t 
and  25%  decrease  in  PRL  release  and  mRNA  levels,  respectively.  Incubation  of  AP  cells  in  calcium-free 
media  did  not  alter  BE  release,  but  decreased  PRL  release  and  POMC  and  PRL  mRNA  levels  by  approximately 
50%.  Treatment  of  AP  cells  with  either  0600  or  calcium-free  media  partially  blocked  CRF-  or  forskolin 
(FN)-stiraulated  BE  release  and  completely  blocked  FN-stimulated  PRL  release  and  PRL  mRNA  levels.  The 
calcium  agonist  barium  (1  mN)  produced  a  two-fold  increase  in  BE  and  PRL  release,  which  was  blocked  by 
0600  and  enhanced  in  the  absence  of  calcium.  Treatment  of  cells  with  barium  had  no  effect  on  POMC  mRNA 
levels  but  increased  PRL  mRNA  levels.  Our  results  document  that  i)  in  the  absence  of  calcium,  basal  or 
stimulus-mediated  PRL  secretion  and  PRL  mRNA  levels  are  dramatically  reduced,  whereas,  stimulated  but 
not  basal  BE  secretion  is  partially  blocked,  and  ii)  the  effect  of  calcium-free  media  on  PRL  mRNA,  but 
not  on  POMC  mRNA  levels,  can  be  reversed  by  the  addition  of  barium.  These  findings  support  previous 
observations  and  suggest  that  both  calcium  and  cAMP  may  act  as  intracellular  second  messengers  in 
lactotrophs,  whereas  of  the  two,  only  cAMP  functions  as  an  intracellular  second  messenger  coupling 
stimulus-secretion-synthesis  events  in  corticotrophs  of  the  anterior  pituitary  gland. 
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CLONED  CONA  FOR  SPECIES  OP  RNA  THAT  ARE  REGUUTED  BY  CYCLIC  AMP  IN  NG108’15 
NEUROBLASTOHA-GLIOMA  HYBRID  CELLS. 

M.  Jf.  Giovanni.  B.  Raj,  B.S.  Schrler,  and  N.  Nlranb^'g.  NIH,  Betheada,  HD. 

Prolonged  elevation  of  cANP  levels  of  NG108-15  cells  shifts  relatively  undifferentiated 
cells  to  a  differentiated  state  with  respect  to  some  neuronal  properties  and  Increases  the  ability 
of  the  cells  to  form  synapses  in  vitro  with  muscle  cells.  A  cDNA  library,  prepared  from  poly  K* 
RNA  obtained  from  differentiated  NC108-15  cells  treated  with  1  mN  dlbutyryl  cAMP  for  5~7  days,  was 
screened  by  differential  colony  hybridization  using  cDNA  probes  prepared  from  cytoplasmic  poly  A^ 
RNA  Isolated  from  undifferentiated  (D~)  logarithmically  dividing  cells  or  from  differentiated  (D*) 
cells  that  had  been  treated  with  1  mH  dlbutyryl  cANP  for  5~7  days.  Colonies  with  recombinant 
plasmids  were  found  which  hybridize  to  more  D*  32p-[)na  probe  than  D‘  32p-DNA.  These  colonies 
comprise  <  If  of  the  colonies  screened.  Some  colonies  also  were  found  with  more  D" 
hybridized  than  32p-DNA.  Cloned  DNA  In  most  colonies  hybridized  with  approximately  the  same 
amounts  of  and  O'  32p-{)|||j^^  Different  concentrations  of  cytoplasmic  poly  A*  RNA  from  or  0' 
cells  were  applied  to  filters  and  hybridized  with  cloned  32p-cdna  probes  frc^  different 
recombinant  plasmids.  Approximately  20  clones  were  found  with  cDNA  Inserts  that  hybridize  to 
species  of  poly  k*  RNA  that  increased  in  abundance  10*90  fold  when  NG106-15  cells  were  treated  for 
prolonged  periods  with  dlbutyryl  cAMP.  These  results  show  that  some  species  of  NG108*15  poly 
RNA  increase  in  abundance  when  cells  are  treated  with  dlbutyryl  cAHP  and  that  other  species 
decrease  in  abundance. 


212  STRUCTURE-FUNCTION  ANALYSIS  of  THREE  cAMP- INDEPENDENT  FORMS  of  the  cAMP  RECEPTOR  PROTEIN. 
James  G«  Harman,  Keith  McKenney  and  Alan  Peterkofsky.  NIH,  Betheada,  MD. 

cAMP  receptor  protein  (CRP)-dependent  operon  expression  in  Escher ichia  coli  requires  the 
CRP:cAMP  form  of  wild-type  CRP.  One  class  of  crp  mutants  (crp*)  activates  CRP-dependent  promoters  in 
strains  incapable  of  endogenous  cAMP  synthesis  (cya ) »  Of  fundamental  interest  is  the  difference  in 
regulatory  properties  exhibited  by  crp*  mutant  strains,  some  of  which  respond  to  glucose-mediated 
repression  of  R  -galactos idase  synthesis,  some  of  which  do  not.  To  gain  a  better  understanding  of 
Che  mechanisms  of  cAMF-independent  promoter  activation  and  repression  we  have:  1)  determined  through 
cloning  and  DNA  sequence  analysis  Che  primary  structure  of  three  CRP*  forms  of  CRP;  2)  purified  Che 
mutant  proteins;  3)  characterized  the  effect  of  mutations  on  Che  secondary  structure  of  these  forms 
of  CRP  and  4)  studied  CRP*  activated  lac  promoter  regulation  ir.  a  purified  ^  vitro  transcription 
system.  The  results  of  this  study  show  that  crp  alleles  containing  mutations  that  substitute  a) 
threonine  for  alanine  at  position  144,  b)  isoleucine  for  threonine  at  position  127  and  lysine  for 
gluCmnine  at  position  170,  or  c)  isoleucine  for  threonine  at  position  127,  lysine  for  glutamine  at 
position  170  and  arginine  for  leucine  at  193  encode  proteins  which,  in  the  absence  of  cAMP,  have 
conformations  that  are  similar  Co  the  wild-type  CRPtcAMP  complex  conformation  and  Chat  promote 
cAMP-independent  activation  of  a  CRP-dependent  promoter  in  vitro.  In  addition,  a  CRP  allele-specific 
inhibition  of  CRP*  activity  was  observed  ^  vitro  in  reaction  mixtures  containing  spermidine  that 
parallels  crp*  strain-specific  sensitivity  to  glucose-mediated  repression  of  g -galactos idsse 
synthesis  ^  vivo.  This  suggests  Chat  the  catabolice  repression  observed  in  crp*  strains  that  lack 
cAMP  may  be  mediated  through  a  mechanism  that  results  in  an  inhibition  of  CRP*  activity. 


213  DIFFERENTIAL  REGULATION  BY  CALMODULIN  OF  BASAL,  GTP-  AND  DOPAMINE-STIMULATED  ADENYLATE 

CTCLASE  ACTIVITIES  IN  BOVINE  STRIATUM.  Jeffrey  Harrison.  C.K.  Mlckeviclus  and  M.E.  Gnegy.  Dept. 
Pharmacology,  Unlv.  of  Michigan  Med.  Sch.,  Ann  Arbor,  HI  48109 

We  have  examined  the  concentration  requirements  for  calmodulin  (CaM)  In  altering  basal,  GTP- 
and  dopamine  (DA)-8CifflulaCed  adenylate  cyclase  activities  in  an  EGTA-vashed  particulate  fraction 
from  bovine  striatum.  CaM  stimulated  basal  adenylate  cyclase  activity  3.5-fold  with  an  ECcq  of 
100  nH.  GTP  stimulated  basal  activity  2-fold  with  an  ECcq  of  300  nM.  In  the  presence  of  CaM, 

GTP  was  able  to  further  activate  adenylate  cyclase.  Witn  increasing  concentrations  of  CaM,  however, 
the  for  GTP  was  decreased  5-fold.  In  the  presence  of  only  90  nM  CaM,  the  EC^q  for  GTP  was 

maximally  reduced  from  300  nN  to  60  nM.  CaM  could  also  increase  the  maximal  activation  of  adenylate 
cyclase  by  the  neurotransmitter,  DA.  Similarly,  the  concentration  of  CaM  required  to  maximally 
increase  the  OA-stlmulated  activity  was  significantly  less  than  the  concentration  required  to 
maximally  activate  basal  adenylate  cyclase  activity.  The  EC^q  for  CaM  In  increasing  the  GTP 
sensitivity  and  maximal  response  of  the  adenylate  cyclase  to  DA  is  13  nM  as  compared  to  ^^30 
of  100  nM  in  activation  of  basal  adenylate  cyclase  activity.  These  data  support  the  concept  ot 
a  dual  regulatory  role  for  CaM  in  the  activation  of  adenylate  cyclase  activity.  Supported  by 
Nim  36044. 


21 4  Adenylate  cyclase  modulators  regulate  glucoae  transport  lo  rat  adipose  cells  by  changing 

glucose  tranaporter  intrinsic  activity  H.C.Joost«  TtM.Ueber»  S.W*Cu8haian»  and  I.A.Siopsonf 
Experimental  Diabetes*  Metabolism  and  Nutrition  Section*  National  Institutes  of  Health,  Bethesda. 


In  Isolated  rat  adipose  cells*  Isoproterenol  reduces  Insulln^^stlBulated  glucose  transport  activity  by 
60Z«  Plasma  membranes  Isolated  from  these  cells  after  sequential  treatment  with  10  nM  insulin  (25 
min),  0>5  uM  isoproterenol  plus  2.5  ug/ml  adenosine  deaminase  (15  min),  and  2  sM  KCN  (2  min)  contain 
an  unchanged  concentration  of  glucose  transporters  (31  ^  7,  mean  t  5Q4*  vs.  31  1  4  pmol/mg  protein  in 
controls),  but  transport  glucose  at  a  reduced  rate  (19  t  6  vs.  48  1  9  poiol/mg  protein/sec).  This 
finding  contrasts  with  the  effect  of  insulin  which  comprises  parallel  increases  in  plasma  membrane 
glucose  transporter  concentration  and  transport  activity.  Kinetic  studies  of  Isoproterenol-'inhibited 
glucose  transport  reveal  a  60Z  decrease  in  V  (2900  "t  350  vs.  7200  i  1000  pmol/mg  protein/sec)  and 

a  small  increase  in  K  (15.1  t  t  vs.  13.0  t  mH) .  Incubation  of  intact  cells  in  the  presence  of 

the  adenylate  cyclase^lnhibitor  adenosine  stimulates  plasma  membrane  glucose  transport  activity  com-* 
pared  to  that  in  the  absence  of  adenosine  (44  t  6  vs.  36+6  pmol/mg  proteln/sec) .  These  data  indi¬ 
cate  that  modifications  of  glucose  transport  activity  produced  by  lipolytic  and  antilipolytic  agents 
in  intact  adipose  cells  can  be  fully  retained  in  plasma  membranes  isolated  under  appropriate  condi¬ 
tions.  Furthermore,  the  effects  of  these  agents  occur  through  a  modification  of  the  glucose  trans¬ 
porter  intrinsic  activity. 


215  INHIBITION  OP  VASCULAR  TYPE  IV  PDE :  PROBLEMS  IN  EVALUATING  POTENCY  OP  INHIBITORS. 

T.  KARIYA  and  R.C.  DACE,  MERRELL  DOW  RESEARCH  INSTITUTE,  CINCINNATI,  OH  45215,  U.S.A. 

During  evaluation  of  newly  synthesized  compounds  for  cardiotonic  activity,  we  have  noted  that  some 

compounds  produced  relatively  greater  lowering  of  blood  pressure  for  a  given  cardiotonic  effect. 
These  compounds  inhibited  dog  cardiac  Type  IV  cAMP  phosphodiesterase  (PDE  III).  It  was  of  Interest  to 
us  to  determine  if  differences  in  sensitivity  between  cardiac  and  vascular  Type  IV  PDE  could  explain 
our  observations.  Dog  heart  and  femoral  arteries  were  homogenized  with  a  Polytroo  and  the  PDEs  %fere 
fractionated  into  Types  I,  II  and  IV  PDE  by  DEAE-cellulose  chromatography.  Inhibition  studies  were 
done  on  Type  IV  PDE  using  an  inhibitor  that  Is  specific  for  this  Isoenzyme  (enoximone)  and  a  non¬ 
specific,  competitive  inhibitor  of  PDEs  (isobutylmethylxanthlne,  IBHX).  For  dog  cardiac  Type  IV  PDE, 
the  1C50  of  both  enoximone  and  IBMX  was  4  uH  at  a  substrate  concentration  of  0.5  uH  cAKP.  At  the 
same  substrate  concentration,  the  1C50  of  enoximone  for  vascular  Type  IV  PDE  varied  greatly  (5  pH  - 

>100  uM)  from  preparation  to  preparation,  whereas  inhibition  by  IBMX  was  relatively  uniform  (4  vM  - 

7  uH).  It  was  shown  that  differences  in  homogenization  of  the  samples  of  vascular  tissue  resulted  in 
the  observed  variability.  Prolonged  homogenization  with  the  Polytron  yielded  preparations  of  Type  IV 
PDE  that  were  relatively  insensitive  to  inhibition  by  enoximone. 


216  CYCLIC  AMP  ACCUMUUTION  IN  RABBIT  AORTA  SMOOTH  MUSCLE  CELLS  ALTERED  IN  THE  PRESENCE  OF 

HYPERLIP IDEMIC  SERUM 

Yukio  Kishi.  Fujie  Numano*  Keijl  Nishiyama*  Hichiyoshi  Yajima  and  Fujio  Numano 

Third  Department  of  Internal  Medicine,  Tokyo  Medical  and  Dental  University,  Tokyo,  Japan 

We  investigated  the  effect  of  hyperlipldemlc  serum  on  cAMP  accumulation  in  cultured  smooth  muscle 
cells  from  the  rabbit  aorta.  The  cells  were  grown  to  confluence,  then  cultured  for  24  h  In  hyper- 
lipidemic  medium  (total  cholesterol:  2.2  mmol/l).  CAMP  accumulation  was  enhanced  in  response  to 
Isoproterenol  i0~^  N.  as  compared  to  control  cells*  and  this  enhancement  was  still  detectable  in  Che 
presence  of  IBMX  10'^  N,  a  potent  inhibitor  of  phosphodiesterase.  Application  of  propranolol  10**^  M 
at  5  min  after  iapoproterenol  showed  a  similar  time  course  for  cAMP  disappearance.  The  phosphodiest¬ 
erase  activity  in  the  40,000  g  supernatant  of  the  Triton  X-100  solubilized  hoiBogenates  of  the  cells 
in  hyperlipldemlc  medium  remained  unchanged.  B-receptor  assays  shoved  an  Increased  ^ 

similar  Kd,  and  such  may  contribute*  at  least  In  part,  to  the  increased  adenylate  cyclase  activity. 

An  extended  incubation  In  the  presence  of  hyperlipidemic  medium  attenuated  the  cAMP  accumulation, 
possibly  due  to  excessive  increases  in  the  total  choleaterol  content. 


I 


ROLE  OF  PROTEIN  KINASE  C  (PKC)  IN  CELLULAR  FUNCTIONS:  INHIBITION  BY  SPHINGOID  LONG-CHAIN 
BASES,  J«  D.  Laabeth,  E.  Wilson,  J.  Kinkade,  and  A.  H,  Merrill,  Jr.;  Enory  Unlv.  Med.  Sch.;  Atlanta, 
GA  30322.  PKC  has  been  taplicaced  In  growth  and  differentiation  (eg,  PMA-induced  differentiation  of 
HL-60  cells),  secretion  (eg.  WA-lnduced  secretion  of  lactoferrln  and  vitamin  B12-blndlng  protein 
froa  neutrophils  (PMN)],  and  MA  activation  of  the  RIN  oxidative  burst.  Long-chain  bases  (sphln- 
ganine  and  sphlngoslne)  were  recently  found  to  be  potent  Inhibitors  of  PKC  In  a  alcelle-reconstltuted 
system  [Hannun  (1986)  J.  Biol.  Chem.  in  press].  We  have  tested  long-chain  bases  as  Inhibitors 
of  the  above  cellular  functions  and  documented  their  utility  In  testing  PKC -dependent  vs. 
-Independent  processes.  The  following  effects  are  described:  (1)  Long-chain  bases  block  PMA- 
inltlated  differentiation  of  HL-60  into  aacrophage-like  cells,  but  do  not  affect  retlnoate-lnduced 
differentiation.  (2)  Long-chain  bases  block  activation  of  the  oxidative  burst  not  only  by  PMA,  but 
also  by  other  agonists  (dlacylglycerol ,  FMLP,  A231S7,  arachidonsle,  and  opsonized  zymosan); 
Inhibition  occurs  at  the  same  concentration  for  all  agonists,  Implying  the  same  site  of  Inhibition; 
sphlnganine  competition  for  (Tll-phorbol  dibutyrate  binding  to  PMN  strongly  Implicates  PKC  as  the 
site  of  Inhibition.  (3)  Neutrophil  specific  granule  secretion  appears  to  be  regulated  by  PKC,  while 
azurophilic  granule  secretion  Is  not.  Long-chaln  bases  block  secretion,  of  specific-  but  not 
azurophilic-granule  markers.  (4)  Agonist-induced  phosphorylations  of  various  PMN  and  HL-60  proteins 
are  blocked  by  sphlnganine.  In  addition,  these  Inhibitors  appear  to  be  specific;  agonist-induced 
calcium  transients,  calmodulin-dependent  processes,  and  cAMP-dependent  processes  were  not  affected. 
Thus,  long-chaln  bases  ate  naturally  occurring  inhibitors  of  PK-C  which  may  function  as  physiologic 
negative  regulators  of  this  enzyme.  (Supported  by  NIH  grants  AM27373,  CA22294,  and  Ol  33369). 


^‘8  ORGANELLE  SYNESIS  HYPOTHESIS  OF  SIGNAL  TRANSDUCTION 

A.N.  Malvlya,  P.  Anglard  and  A.  Masmoudi 

A  protein  phosphorylating  activity,  independent  of  calcium,  has  been  separated  from  protein  kinase-C 
(FEBS  Lett.  199,  213-216,  1986).  This  activity  has  been  termed  as  protein  kinase-L  and  is  manifested 
by  phorbol  ester  (TPA)  or  diacylglycerol  (DAG)  in  the  presence  of  phospholipid.  Protein  kinase-L  acti¬ 
vity  is  reported  here  to  be  localized  in  the  nuclei  isolated  from  rat  liver,  calf  thymus,  and  cultured 
chicken  neurons.  In  all  the  three  cell  types  studied  protein  kinase-L  activity  was  abundantly  present 
as  contrasted  from  a  negligible  protein  kinase-C  activity.  Protein  kinase-L  activity  observed  in  rat 
liver  nuclei  seems  distinct  from  the  activity  seen  in  nuclei  isolated  from  calf  thymus  or  cultured 
chicken  neurons  in  its  response  towards  TPA  or  DAG  examined  with  or  without  phosphatidylserine.  A 
strong  prima-facie  case  is  advanced  for  organelle  synesis  in  signal  transduction  coupled  to  tumor 
promotion.  In  this  hypothesis,  for  the  trigger  of  signal  transduction,  catalytic  potential  of  protein 
kinase-C,  protein  kinase-L,  and  IP3  receptor  seems  best  manifested  at  the  site  of  plasma  membrane, 
nucleus,  and  endoplasmic  reticulum,  respectively. 


?19  UBIQUITIN-WfITBOCJIES  BLOCK  HICM  AFFIMm  OOLINE  UPIW®  AT  EIOJIACEIIIJIAR  STIES  IK  RAT 
B^AIN  Sia>IAPZCSCMES.  E.  N.  Meyer,  C.  Tilest  and  V.  Oiau,  Depts.  of  Fhamacology,  Biocteiilstiy, 
AnatOty  and  Oell  Uhiv.  Florida  School  of  Madicine,  Gainesville,  FL  32610 

SodiuD-depenident  [^H]-choline  uptake  and  ocu^led  [^]-aoetylcholine  synthesis  were  irhihited  in 
rat  cert^ral  cortical  syTuptoecnes  in  a  dO6e-(l-10  ugt^d)  and  tine-dependent  Banner  by  eiffinity- 
purified  antibodies  directed  against  ubiqoitin  (anti-Ub) .  Neither  sodiun-iniepenient  [^] -choline 
uptake  nor  -acetylcholine  release  was  affected  by  to  lo  ug/nl  anti-Ub,  indicating  that  the 
cholinergic  terminals  were  not  depolarized  by  the  anti-^.  Binding  of  anti-Ub  to  the  syn^Jtoscrae 
preparation,  as  meaaxred  with  (^^I]-protein  A,  vta  saturable  and  occurred  ewer  the  same 
conoentration  range  (1-10  ug/ol)  at  which  v^take-inhibiticn  was  obeerved.  Although  preinune  IgG 
bcund  to  the  syn^Ttoeone  preparaticn  to  a  greater  esetent  and  was  ^peurently  not  readily  saturable, 
this  fortuitous  binding  was  vithcxit  effect  on  high  affinity  choline  x^^take  and  ocxivarsicn  to 
acetylcholine.  The  results  suggest  that  a  ubiquitin-pretein  oenjugate  is  closely  associated,  cn 
the  synaptosGsal  surface,  with  the  sodium-dependent  choline  transport  systen. 
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CYTIOYLATE  CYCLASE:  EVIDENCE  OF  THE  BIOSYNTHESIS  OF  CYTIDINE  3',S''CYCLIC  HONOPHOSPHATE 
AND  OF  FOUR  NOVEL  CYTIDINE  CYCLIC  PHOSPHATE  DERIVATIVES 
*R.P.  Newton.  ^E.E.  Kingston.  *N.A.  Hakeem  and  '*^J.H.  Beynon 

^Department  of  Biochemistry.  School  of  Bfotogical  Sciences,  and  ''’Royal  Society  Research  Unit, 

University  College  of  SMansea.  Swansea  SA2  8PP.  U.K. 

Although  the  existence  of  phosphodiesterases  capable  of  cyclic  CHP  hydrolysis  is  now  established, 
controversy  has  existed  over  reports  of  endogenous  cyclic  CMP  and  of  putative  cytidylate  cyclase 
activity.  The  natural  occurrence  of  cyclic  CHP,  together  with  cyclic  UNP,  IMP  and  dTMP,  has  recently 
been  unequivocally  demonstrated  by  means  of  f.a.b.  mass  spectrometry  with  m.i.k.e.s.  scanning.  This 
technique,  together  with  the  use  of  dual  labelled  and  [’^P]'CTP  and  h.p.l.c.,  t.I.c.  and  RIA, 

has  enabled  the  identification  of  the  eight  labelled  cytidine  nucleotides  resulting  from  the  activity 
of  cyclase  preparations  from  brain,  liver  and  kidney.  The  major  component  was  the  unused  substrate, 
CTP,  but  the  second  major  was  3*,5*“cycnc  CHP.  In  addition,  CMP,  COP,  cytidine  2'“aspartyI-3’ ,5'" 
cyclic  monophosphate,  cytidine  2''g1utamyl -3* ,5' “cycl ic  monophosphate,  cytidine  2'-monophosphate’3' ,5*' 
cyclic  monophosphate  and  cytidine  3',5''cyclic  pyrophosphate  were  identified  as  minor  components. 

The  presence  of  these  four  novel  cytidine  cyclic  phosphate  compounds  may  well  be  the  cause  of  the 
conflicting  reports  concerning  cytidylate  cyclase  assay  and  cyclic  CMP^RIA;  their  identification  has 
enabled  the  development  of  a  cytidylate  cyclase  assay  from  which  they  are  eliminated  and  a  subsequent 
investigation  of  the  properties  of  this  enzyme. 


221  UNAMBIGUOUS  ASSAY  OF  CYTIDINE  3'.5'-CYCLIC  MONOPHOSPHATE  AND  CYTIDYLATE  CYCLASE  ACTIVITY 

Russell  P.  Newton  and  Nabil  A.  Hakeem 

Department  of  Biochemistry,  School  of  Biological  Sciences,  University  College  of  Swansea, 

Swansea  SA2  8PP,  U.K, 

The  structures  of  four  novel  cytidine  cyclic  phosphates  have  been  elucidated.  These  labelled 
compounds  are  produced  from  or  {^'*C]*CTP  during  conventional  assays  for  cytidine  cyclase  and 

are  also  imiaunoresctive  with  antisera  raised  against  cyclic  CMP.  Knowledge  of  their  structures  has 
permitted  development  of  (a)  a  single  colurm  composed  of  two  separate  tiers  of  lon-exchanger  which 
separates  cyclic  CMP  from  these  contaminants  to  form  the  basis  of  an  assay  for  cytidylate  cyclase, 
and  (b) ,  a  single  column  composed  of  three  tiers  of  ion>exchanger  which  separates  cyclic  CMP  from 
these  four  novel  compounds,  from  other  cytidine  nucleotides  and  from  cyclic  AMP  and  cyclic  GMP,  and 
is  used  as  a  separation  stage  prior  to  radioimmunoassay. 

Cytidylate  cyclase  activity,  distinct  from  adenylate  and  guanylate  cyclase  activity,  was  found  in 
each  tissue  examined,  the  highest  activity  being  in  liver  and  kidney  and  the  major  subceDular  site 
a  2S000  X  g  fraction  containing  lysosomes,  mitochondria  and  microsomes.  This  activity  was  elevated 
in  regenerating  tissue  stimulated  by  testosterone  and  calmodulin  and  was  inhibited  by  UTP  and  ITP. 
Cyclic  CHP  was  found  also  in  each  mafrinalian  tissue  examined,  usually  within  a  concentration  range  of 
0,1  to  kO  pmol/g  tissue.  The  highest  concentrations  were  in  the  uterus  and  kidney  and  the  lowest  in 
brain,  testis,  ovary  and  plasma.  These  concentrations  decreased  with  age  but  increased  with 
increased  cellular  growth  rate. 


222  NEUROPEPTIDE  BIOSYNTHESIS  IN  CHROMAFFIN  AND  NEUROBLASTOMA  CELLS:  REGULATION  BY  CYaiC  AMP, 

PROTEIN  KINASE  C  AND  CALCIUM.  Rebecca  M.  Pruss,  Lee  E.  Eiden  and  James  A.  Waschek.  Laboratory  of  Cell 
Biolo^,  NBW,  Bethesda,  MD,  20892. 

Stimulation  of  nicotinic  receptors  on  the  surface  of  chromaffin  cells  causes  the  calcium-dependent 
secretion  of  enkephalin  peptides  and  vasoactive  intestinal  polypeptide  (VIP)  and  is  accompanied  by  a 
calciim-dependent  increase  in  de  novo  biosynthesis  of  VIP  and  enkephalin,  and  proenkephalin  mRNA.  Pep¬ 
tide  biosynthesis  is  also  stuiulated  by  agents  which  cause  cell  depolarization,  such  as  elevated  pot- 
assiun  and  veratridine,  and  by  the  calcim  agonist  barium,  indicating  that  calclun  plays  a  second 
messenger,  rather  that  merely  a  permissive  role,  in  secrctagogue  stimulation  of  neuropeptide  biosynthe¬ 
sis.  Elevation  of  intracellular  cyclic  AMP  also  caxises  a  stimulation  of  enkephalin  and  VIP  synthesis 
in  chromaffin  cells,  which  is  independent  of  extracellular  calcium.  Phorbol  ester  stimulates  the  bio¬ 
synthesis  of  VIP,  but  not  enkephalin,  indicating  a  selective  regulation  of  neuropeptide  expression  by 
two  second  messenger  systems  in  chromaffin  cells. 

In  hunan  neuroblastoma  cells  in  culture,  synthesis  of  VIP  and  its  messenger  RNA  is  synergistically 
regulated  by  both  cyclic  AMP  and  phorbol  ester.  These  cells  do  not  exhibit  a  calciim-dependent  release 
of  VTP  upon  depolarization  with  elevated  extracellular  potassiun,  nor  are  they  biosynthetically  re¬ 
sponsive  to  elevated  potassiifn  or  bariimi. 

These  results  indicate  that  the  expression  of  the  genes  encoding  proenkephalin  A  and  VIP  are  differ¬ 
entially  responsive  to  two  protein  kinase-stimulated  pathways,  and  that  biosynthesis  is  regulated  by 
calciun  influx  in  cells  that  secrete  these  peptides  in  a  calcium-dependent  way. 
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VANADATE  POTENTIATES  VASOPRESSIN- INDUCED  INOSITOL  PHOSPHATE  TURNOVER. 

N.  Alyar,  P.  Naabi,  G.  Gessner  and  S.T.  Crooke,  Hoi.  Phana.,  SKAF  Labs.,  Phlla.,  Pa.  19101 

Rat  aortic  sanoth  auscle  cells  (A-10)  contain  vasopressin  receptors  of  VI  subtype.  Incubation  of 
these  cells  with  vasopressin  (AVP)  resulted  In  an  (a)  Inhibition  of  Isoproterenol-stlaulated  cAMP 
accuanilatlon  and  (b)  stlawlatlon  of  phosphatidyl  Inositol  turnover.  In  an  atteapt  to  delineate  the 
aechanisa  of  AVP  action  In  these  cells,  we  have  used  tuaor  proaoting  phorbol  ester  (activator  of 
protein  kinase  C)  to  test  Its  effect  on  AVP  action.  Pretreataent  of  the  cells  with  active  phorbol 
ester  resulted  In  an  Inhibition  of  the  AVP-aedlated  responses.  Further  binding  studies  wlth^H  SKAF 
101926,  a  novel  vasopressin  antagonist,  suggested  that  these  receptors  are  coupled  to  a  guanine 
nucleotide  binding  protein  and  that  pretreataent  with  phorbol  ester  resulted  In  the  uncoupling  of  the 
receptor  froa  the  guanine  nucleotide  binding  protein.  Here  we  have  used  vanadate,  an  Inhibitor  of 
phosphatase  to  test  Its  effects  on  AVP-aedlated  responses.  Pretreataent  of^H  Inositol-labeled  cells 
with  vanadate  resulted  In  an  Increase  of  AVP-stlaulated  Inositol  d1-  and  tris  phosphates  as  auch  as 
twofold  without  significantly  changing  Inositol  aonophosphate  levels.  Vanadate  potentiated  AVP 
response  at  all  concentrations  of  horaone  tested  without  affecting  the  ha1f-aax1aa1  concentration  of 
the  horaone  necessary  for  Inositol  phosphate  accuaulatlon.  While  In  control  cells,  AVP-Induced 
Inositol  phosphate  accuaulatlon  was  observed  only  In  the  presence  of  L1C1,  In  vanadate- treated  cells 
significant  Increase  In  Inositol  d1-  and  tris-phosphates  was  observed  even  In  the  absence  of  L1C1. 
Vanadate  pretreataent  had  little  effect  on^H  AVP  binding  to  Intact  cells  or  on  the  AVP-Induced 
Inhibition  of  fsoproterenol-stlaulated  cAW  accuaulatlon.  These  data  suggest  that  vanadate  aay  be 
exerting  Its  effect  by  Inhibiting  Inositol  d1  and  tris  phosphatases. 


224  LIGAND-STIMULATED  PRODUCTION,  METABOLISM,  AND  RECEPTOR  BINDING  OF  INOSITOL  TRISPHOSPHATE 

DURING  THE  STEROIDOGENIC  ACTION  OF  ANGIOTENSIN  II.  Tawtts  Balia.  Gaetan  GulIIematta, 
Albert  J.  Baukal  and  Kevin  J.  Cact,  KICHD,  NIH,  Betheada,  MD  20892 

Anglocenain  II  (All)  exerts  its  steroidogenic  effects  through  calciun-aobilizing  receptors  that 
prowote  Che  generation  and  actions  of  inositol  crisphosphate  (ios-P^)  via  phosphoIi^ase-C-catalyzed 
breakdown  of  polyphosphoinositides.  In  rat  adrenal  glowerulosa  cells  labeled  with  [^HJinosicol,  All 
caused  rapid  (<  3  sec)  breakdown  of  both  PIP  and  PIP^  with  concomitant  formation  of  inositol  pbos- 
phstes.  In  addition  to  rapid  and  prominent  formation  of  ins-P2,  two  isomers  of  both  ins-P,  and 
ina-P  were  detected  by  HPLC.  Ins-1, 4, S-P^  showed  only  a  slight  and  transient  rise  with  a  peak  at 
about  S  sec,  whereas  ins-1, 3, 4-P  increased  steadily  over  60  sec.  Significant  Increases  in  ins-P. 
and  ins-4-P  at  2.5  sec,  with  no  ^ange  in  lns-1-P  during  Che  first  60  sec,  revealed  chat  ins- 1,4,5- 
P-  la  rapidly  metabolized  through  ins-Ui-P^  with  accumulation  of  ins-4-P,  and  that  PI  breakdovm  is 
not  an  early  response  to  All.  The  progressive  formation  over  20  min  of  ins-1, 3, 4-F  ,  lns-l,4-P,, 
and  ins-4-P,  all  enhanced  in  the  presence  of  lithium,  was  Indicative  of  conClnueiT  breakdown  of 
polyphospholnosicldes.  Specific  and  high  affinity  (Kd  '''  1  tiM)  binding  sices  with  low  capacity 
100  fmol/mg  prot)  for  lns-l,4,5-P.  were  demonstrated  in  bovine  adrenal  cortex  and  shown  to  be 
distinct  from  the  degradative  enzyM  ins-P, -5'-phosphacase.  The  rapid  kinetics  of  association  and 
dissociation  of  ins-P,  at  these  sites  are  consistent  with  its  early  and  transient  elevation  during 
All  stimulation,  and  with  its  binding  to  receptors  through  which  calcium  is  mobilized  from  intra¬ 
cellular  storage  pools.  These  results  demonstrate  that  ins-1, 4, 5-P,  formation  and  metabolism  are 
early  Intermediate  steps  in  the  adrenal  response  to  All,  and  that  Tns-4-P  production  provides  an 
index  of  sustained  polyphosphoinositide  hydrolysis  during  All  action  in  the  glomerulosa  cell. 
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INHIBITION  OF  PH05PHATIDYLINOSITOL-SPECIF1C  PHOSPHOLIPASE  C  BY  HANOALIDE. 

C.  Frank  Bennett,  Seymour  Hong,  Hslao-Llng  W.  Hu  and  Stanley  T.  Crooke,  Dept,  of  Mol.  Pharm.,  Smith 
Kline  and  French  Laboratories,  Philadelphia,  Pa.  19101. 

Nanoallde  Is  a  nonsteroidal  sesterterpenold  Isolated  from  sponge.  Nanoallde  exhibits  analgesic 
and  antl-lnflaimaatory  activity  In  anuse  models  (Jacobs  et  a1 ., Tetrahedron  41:981).  Investigations  on 
the  mechanisai  of  action  for  manoallde  revealed  that  It  was  a  potent  Inhibitor  of  venom  phospholipase 
Ag  (PLAg),  exhibiting  ICgo  values  of  0.12,  0.7  and  1.9  uH  for  bee,  rattlesnake  and  cobra  venom 
PLAg, respectively.  However,  Intracellular  PLAg's  assayed  In  cytosolic  and  membrane  fractions 
from  several  laaaaaallan  tissues  were  less  sensitive  to  Inactivation  by  manoallde,  exhibiting  IC50 
30  uM  or  greater.  Cytosolic  proteins,  BSA,  and  poly-L-lysIne  protected  purified  bee  venom  PLAg 
from  Inactivation  by  aunoallde,  while  free  amino  acids  did  not  protect  purified  PLAg.  Investigations 
on  other  Intracellular  targets  for  manoallde  revealed  that  Pl-specific  phospholipase  C  (PLC)  was  more 
sensitive  to  Inactivation  by  manoallde  than  PLAgdCgg^  1.5  and  30  uM,  respectively). 

A  Pl-specific  PLC  purified  from  guinea  pig  uterus  (Mr  v  64,000)  also  exhibited  an  ICeq  of  1.5  uM. 
Manoallde  Inhibited,  In  a  concentration  dependent  manner,  the  synthesis  of  Inositol -I-phosphate  from 
D0Ti1F-2  cells  stimlated  with  norepinephrine  (IC50  *  These  results  suggest  that  the 

anti- Inf laamutory  activity  of  manoallde  may  be  due.  In  part,  to  Inhibition  of  Pl-specific  PLC.  These 
results  also  demonstrate,  for  the  first  time,  the  potent  Inhibitory  activity  of  manoallde  on 
phospholipase  C  Isolated  from  guinea  pig  uterus. 


r 


226  Ca2+-0EPEH0EHT  REGUWTIOH  OF  INOSITOL  1 .4,5-TRISPHOSPHATE  tCTABOLISH  IN  INSULIN  SECRETING 
CELLS.  T.J.  Bidet!  6  C.B.  Uollhein.  Institut  de  Biochimie  Clinique,  Univ.  of  Geneva,  Switzerland. 

Inositol  1,4,5-trisphosphate  (Ins  l,4,5-p3)  acts  as  a  second  Messenger  to  Mobilize  intracellular 
Ca^'^  stores  during  the  Muscarinic  stiMulation  of  insulin  release.  It  is  degraded  by  phosphoMono- 
esterases  which  sequentially  reMOve  the  phosphate  groups.  An  alternative  route  has  been  proposed 
whereby  Ins  1,4,5-P3  is  phosphorylated  by  a  specific  kinase  to  fona  inositol  1 ,3,4,5'tetrakisphosphate 
(Ins-P4)  which  is  in  turn  converted  to  Ins  1,3,4-P3.  Analysis  of  these  metabolites  by  HPLC  in 
insulin  secreting  RINiSF  cells  prelabelled  with  ^H-inositol  now  shows  that  cholinergic  stimulation 
in  Ca^'i'-depleted  medium  markedly  increased  the  ratio  of  Ins  1,4,5-P3  to  Ins  1,3,4-P3  +  Ins-Pq, 
relative  to  cells  stimulated  in  Ca^*  containing  medium.  Ins  1,4,5-P3  kinase  activity  assayed  in  a 
cytosolic  fraction  was  stimulated  2J  fold  by  raising  Ca^*  from  (EC50  approx.  BOOnM).  In 

contrast,  1 ,4,S-P3-phosphomonoesterase  activity  was  not  Ca^'^'-dependent .  Moreover,  the  kinase  dis¬ 
played  a  for  Ins  1,4,S-P3  of  I.SiiH,  rather  than  30uM  for  the  phosphomonoesterase.  These  results 
suggest  that  the  rise  in  Cax-r  brought  about  by  Ins  1,4,5-P3  generation  would  in  turn  enhance  its 
catabolism  via  the  inositol  tris/tetrakisphosphate  pathway.  In  pancreatic  islets  Ca^'*^  also  plays  a 
role  in  the  generation  of  Ins  1,4,5-P3.  Thus  K*  depolarization  induced  a  Ca2+-dependent ,  transient 
production  of  Ins  1,4,5.-P3  which  was  not  secondary  to  neurotransmitter  release.  This  Ca2+-mediated 
effect  played  only  a  minor  role  following  muscarinic  stimulation  of  the  islets,  but  was  quantita¬ 
tively  important  for  the  generation  of  Ins  1,4,5-P3  by  the  nutrient  stimulus  glucose. 


227  lEBrnFtCXnCH  OP  A  MXlSnilS-SDSlTIVE  mOSRCUHiSE  C  nr  LIVES  lusm  NQIBRANE5. 

D.  Bodanle.  K.A.  Whllnom,  R.J.H.  MojcUctaaricz,  L.S.  Bcadiami  and  J.K.  Fain.  Dept,  of 
Blochaaistzy,  Onivermity  of  Tmammee,  INeptila,  IK  38163. 

Thm  hydrolysla  of  aacogmnoua  (^HlphoqihBtldyllnoaltol  4 , 5-blsphosphata  ([^HlPIFj)  to 
inositol  phosphates  by  rat  hftio  rlneim  acntaanas  wew  invmstlgated.  In  the  ahnnncin  of  daootychD- 
late  (DOC),  phnuhnl iivMiM  C  activity  wevt  not  readily  detected.  DOC  produced  a  dose  depertant 
increase  in  activity  vp  to  2KN  after  thlch  tha  rate  of  hydrolysis  decreased.  GppMp  (lOOuK) 
stimulated  the  DOC  activated  anzyise  by  30  -  50%  above  beaal.  Ihls  stiailatlcn  was  not  specific 
for  guanina  nudeotidhs  since  AppWp  alao  etimilated  the  enzyaie.  G^fM^P  stiailatlcn  was  cnly 
apparent  with  C^RJPIPj  as  substrate;  little  or  no  effects  were  observed  on 
(^Iphaaphatldylinaeltol  4-pho^hate  or  (^iphcephatldylinosltol  hydrolysis.  Rsoepholipsae  C 
h^  a  pH  opAiaus  of  6. 5-7.0  for  both  basal  and  GppWt>  stiailated  activities.  Tijn  ocurses  of 
[^IPIPj  brealelCMn  wars  linear  tfi  to  10  min  of  iiyuhnticn  and  hydrolysis  was  tcsperature 
dependent  with  optimal  nucleotide  stiailatlcn  being  observed  at  37°C.  Ihe  sain  product  of 
['%]PIP,  hydrolysis  wes  identified  as  inaltol  l,4,S-trlaphoqphate.  No  added  cedclia  was 
zs^ilzea  for  actlvition  of  phospholipase  C  but  sctlvliV  mbs  blodoad  by  inclusion  of  Ut  BSIA  in 
the  incubation.  W^ieslia  partially  inhibited  inositol  phosphate  fotmaticn  thereas  all  mcnovalent 
catione  tasted  were  stiadatory.  These  results  provide  further  evldenoe  for  nucleotide  ragulatlcn 
of  phoephol^mae  C.  However,  the  lack  of  nuclacAdda  apeciflclty  suggests  that  this  enzyme  may  not 
be  re^ilated  solely  by  guanine  nucleotides. 


STIMULATION  OF  GI—  S  TRANSITION  OF  Ca2+-DEPRIVED  SERUM-  'IHULATED  RAT  LIVER  EPITHELIAL 
CELLS  BY  INOSITOL  1.4,5-TRISPHOSPHATE  AND  PROTEIN  KINASE  C.  Alton  L.  Boynton  and  Jean  Zwiller. 

Cancer  Research  Center  of  Hawaii,  1236  Lauhala  St.,  Honolulu,  Hi  96813. 

Hydrolysis  of  phosphatidyl  inositol  4,5-bisphosphate  with  the  production  of  diacylglycerol  (DAG) 
and  inositol  l,4,5-trl5phosphate  (IP3)  appears  to  be  a  major  signal  transduction  pathway  involved  in 
several  biological  responses  including  cell  proliferation.  The  putative  function  of  DAG  is  to 
stimulate  protein  kinase  C  activity  and  of  IP3  to  mobilize  intracellular  CaZ'*^  perhpas  via  an  IP3- 
derandent  protein  kinase  recently  discovered  in  our  laboratory.  He  have  identified  two  extracellular 
>  Ca2'''-dependent  stages  of  the  Gl  phase  of  the  cell  cycle  of  T51B  rat  liver  epithelial  cells.  Both 
,  protein  kinase  C  and  IP3-dependent  (via  IP3  dependent  protein  kinase)  events  are  required  for  these 
cell  cycle  transitions  because  both  protein  kinase  C  activators  (TPA.  DAG,  DiCg)  and  the  IP3-dependent 
protein  kinase  activator  (IP3)  must  be  added  to  serum-stimulated,  Ca’^-deprived  T51B  cells  for 
successful  GO—  Gl  and  Gl—  S  transition.  An  alteration  of  this  membrane  based  signal  transduction 
{mechanism  is  indicated  by  the  fact  that  neoplastic  cells  no  longer  require  extracellular  Cax*  for 
iGO—  Gl  and  Gl—  S  transition  and  also  are  able  to  maintain  elevated  levels  of  protein  kinase  C  in 
1  Ca2+-def1c1ent  mediun  while  their  non-neoplastic  counterparts  cannot.  Supported  by  NIH/NCl  grant 
Jno.  CA39745,  CA42942. 


229  STIMUUTION  OF  A  PHOSPHOTRANSFERASE  ACTIVITY  BY  INOSITOL  1,4,5-TRISPHOSPHATE.  J.  Zwlller, 

T.  Rayson,  A.L.  Boynton,  Cancer  Research  Center  of  HauMlI,  Honolulu,  HI  96B13. 

The  hydrolysis  of  phosphatidyl  inositol  4,5-blsphosphate  by  a  GTP-dependent  phospholipase  C  results 
In  two  second  messengers,  diacylglycerol  (OG)  and  inositol  1,4,5-trlsphosphate  (IP3).  Recent  results 
from  our  laboratory  suggest  that  the  function  of  both  these  second  messengers  is  required  for  GO--  G1 
and  Gl—  S  transition  of  serum-stimulated  T51B  rat  liver  cells.  DG  is  known  to  stimulate  protein 
kinase  C  activity  in  conjunction  with  Ca^'*’  and  phosphatidyl-serine.  IP3  has  been  demonstrated  to 
stimulate  the  increase  of  intracellular  free  Ca^*^  by  releasing  the  ion  from  presimably  the  endoplasmic 
reticulum.  We  describe  here  an  IP3-dependent  phosphotransferase  activity  which  we  have  putatively 
termed  protein  kinase  I.  Protein  kinase  I  is  extracted  from  T51B  rat  liver  cells  or  from  rat  brain. 
Small  quantities  of  protein  kinase  I  are  present  in  the  100,000xg  supernatant  of  EGTA  extracted  cells 
and  larger  quantities  are  present  in  the  detergent-extracted  100,000xg  pellet.  At  present  we  can 
only  speculate  as  to  the  function  of  protein  kinase  I.  One  obvious  role  may  be  in  the  mechanism  of 
intracellular  Ca^'*^  release  from  endoplasmic  reticulim.  Like  other  protein  kinases,  protein  kinase  I 
probably  has  nunerous  phosphoprotein  substrates.  Like  several  other  protein  kinases  such  as  protein 
kinase  A,  C  and  G,  protein  kinase  I  may  play  a  central  role  in  such  cellular  responses  such  as 
neurotransmitter  release,  secretion,  muscle  contraction,  differentiation  and  cell  proliferation.  The 
characterization,  purification  and  function  of  protein  kinase  I  are  beino  investigated.  Supported  by 
NIH/NCr  grant  no.  CA39745. 
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A  MASS  MEASUREMENT  OF  INOSITOL(1,4,5)TRISPHOSPHATE  IN  CHEMOATTRACTANT-STIMULATED  RABBIT 
NEUTROPHILS*  Peter  G*  Bradford  and  Ronald  P*  Rubin,  Medical  College  of  VA,  Rlchaond,  VA  23298. 

Previous  studies  froa  our  laboratory  using  ^^P'*Ins(l,4,3)P3  deaonstrated  the  presence  of  a 
specific  Intracellular  receptor  for  this  second  aessenger.  In  the  present  study,  Ias(I,4,5)P3 
content  of  fMet-Leu^Phe  stiaulated  rabble  neutrophils  was  deterained*  Two  indepeodeot  assays  of 
Ina(l,4,S)P3  mass  were  perforaed  using  ether-washed  TCA-extracts  derived  froa  ^-inositol-labeled, 
fMet-Leu-Phe-stiauIated  cells*  Ins(l,4,5)P3  content  of  the  extracts  was  assayed  both  by  the 
ability  of  inositol  phosphates  in  the  extracts  to  displace  ^^P-Ins(l,4,5)P3  froa  its  intracellular 
receptor  and  to  release  sequestered  ^^Ca^***  froa  nonaitochondrlal  stores  of  saponin^peraeabilixed 
cells*  The  relative  proportions  of  ^H-In8(l,3,4)P3,  ^H-Ins(l,4,5)P3  and  ^-Ins(l,3,4,5)P4  in  a 
series  of  extracts  derived  froa  cells  stiaulated  for  various  times  (58  -  5  ain)  were  deterained  by 
KPLC.  The  relative  capacity  of  each  fraction  to  compete  with  ^2p-Ins(l,4,S)P3  at  Its  receptor  and 
to  release  sequestered  ^^Ca^***  froa  peraeablilixed  cells  coincided  perfectly  with  the  content  of 
radioactive  ^H-In8(I,4,5)P3  in  the  fraction  and  not  with  the  content  of  either  ^H-In8Cl,3,4)P3  or 
^H-In8(l,3,4,S)P4*  Since  these  assays  are  selective  for  InB(l,4,5)P3  and  are  aeasures  of  mass, 
the  amount  of  Ins(l»4,5)P3  foraed  in  cells  can  be  deterained.  Thus,  the  In8(l,4,5)P3  content  in 
neutrophils  was  found  to  rise  froa  a  basal  value  of  0.02  paol/lO^  cells  to  a  peak  value  of  0.40 
paoI/10^  cells  after  10  sec  stiaulation  and  to  return  to  baseline  by  2  ain.  This  study  conflras 
the  physiological  relevance  of  the  ^2p-Zn8(l,4,3)P3  blading  site  and  for  the  first  tlae  aeasures 
the  oass  of  Iqs(1,4,3)P3  foraed  in  stiaulated  cells. 


231  STUDIES  ON  THE  INTERACTIONS  BETWEEN  THE  CALCIUM  MOBILIZATION  AND  CYCLIC  AMP  PATHWAYS  IN 

GUINEA-PIG  HEPATOCYTES. 

G.M.  Burgess.,  R.K.  Dooley.,  J.S.  McKinney.,  E.  Nanberg*  and  J.W.  Putney,  Jr.  Division  of  Cellular 
Pharmacology,  Medical  College  of  Virginia,  VA  23298  and  *Wenner  Gren  Institute,  Biologlhus  F3, 
University  of  Stockholm,  S-106  91,  Sweden. 

The  adenylate  cyclase  activstlng  hormone  isoproterenol  (30nM)  which,  when  given  alone  had  no 
effect  on  ®®Rb  or  efflux,  potentiated  the  effects  of  angiotensin  (l-50nM)  on  ®^Rb  efflux  and 

efflux  froa  suinea-pig  hepatocytes.  This  effect  occurred  in  the  presence  or  absence  of 
extracellular  Ca^^,  and  required  the  simultaneous  presence  of  both  Isoproterenol  and  angiotensin. 
Neither  the  Ca-ionophore  Ai3187,  nor  4-^phorbol  dlbutyrate,  separately  or  together,  could  substitute 
for  angiotensin  (cAKP  can  substitute  for  isoproterenol).  The  effects  of  isoproterenol  were  greatest 
with  subowxiaal  concentrations  of  angiotensin,  while  maximal  concentrations  of  angiotensin  were 
affected  little.  Isoproterenol  did  not  substantially  increase  the  foroatlon  of  [^H]lno8ltol 
trlsphosphate,  or  alter  the  ratio  of  isomers,  [^HJlnositol  1 ,4,3-trlspho8phate  and  j^Hjinosltol 
l,3,4-trl8ph08phate,  formed  in  response  to  angiotensin,  suggesting  that  isoproterenol  acts  by 
increasing  the  sensitivity  of  the  endoplasmic  reticulum  to  the  Ca^'^-releasing  action  of  inositol 
l,4,3-tri8pho8phate.  Isoproterenol  also  enhanced  the  phase  of  mobilisation  Involving  Ca^'*' 

entry  which  Is  consistent  with  the  previously  proposed  functional  linkage  between  receptor-regulated 
Ca2+  release  and  entry.  (Supported  in  part  by  N.I.H.  grant  #AM-32823). 


ALTERATION  IN  VASCULAR  PHOSPHOINOSITIDE  METABOLISM  AND  HEPATIC  PHOSPHOLIPASE  C  COUPLED 
RECEPTORS  IN  A  RAT  MODEL  OF  SEPSIS.  J.  A.  CarcIllo*+,  E.  A.  Suba*.  R.  Z.  Littent,  and  B.  L.  Roth*, 
*Nava1  Medical  Research  Institute,  Bethesda.  MD  20814-S05S;  tArmed  Forces  Radiobiological  Research 
Institute,  Bethesda,  MO;  and  ^Childrens  Hospital,  National  Medical  Center,  Washington,  DC. 

He  previously  predicted  that  alterations  In  phospholnositide  (PI)  metabolism  and  phospholipase  C 
coupled  receptors  may  cause  the  altered  glucose  metabolism  and  diminished  vascular  tone  seen  In 
septic  shock  (Chemow  and  Roth,  Clrc  Shock  18:141-155,  1986).  To  test  this  hypothesis,  we  subjected 
rats  to  cecal  ligation  and  puncture  (CLP)  or  a  sham  operation  and  measured  PI  metabolism  and  recep¬ 
tors  18-24  hours  later.  The  PI  metabolism  In  rat  aorta  was  measured  as  previously  detailed  (Roth  et 
a1..  Neuropharma CO I  23:1223-1225,  1984).  We  observed  a  50-60%  reduction  In  basal  phospholnositide 
metabolism  (N-16;  p  <  0.05)  as  well  as  a  50*  reduction  In  oj-adrenerglc  and  PGFjo-Induced  PI  hydrol¬ 
ysis  In  aortas  from  CLP  rats.  He  also  discovered  40-60*  (p  <  0.05)  reductions  In  hepatic  ai- 
adrenerglc  and  [Arg®)-vasopress1n  receptors.  Silver-stained  two-dimensional  gels  of  liver  plasma 
membranes  disclosed  no  evidence  of  gross  proteolysis.  Finally,  we  found  no  changes  In  cardiac 
B-adrenerglc  or  d1 hydropyridine  receptors  or  In  brain  opiatergic  or  serotonergic  receptors.  These 
findings  suggest  that  hepatic  and  vascular  PI  metablism  and  Pl-coupled  receptors  are  selectively 
attenuated  In  sepsis  and  that  these  alterations  contribute  to  the  pathogenesis  of  septic  shock. 

This  work  was  supported  by  Naval  Medical  Research  and  Development  Command  Work  Unit  No. 
M0095.01.1032. 


THE  DETECTION  OF  CALCIUM  BINDING  PROTEINS  IN  RAT  CORTEX  AND  IN  AMMONIUM  SULFATE 
FRACTIONS  OF  WHOLE  RAT  BRAIN.  C.J.  Creed.  D.M.  Santer,  H.E.  Heydorn,  T.  Fukuda  and 
D.M.  Jacobowlcz,  Laboratory  of  Clinical  Science,  NIMH,  Bethesda,  MD  20892  a  FDA,  Rockville,  HD 
20857. 

The  detection  of  calcium  binding  proteins  (CBP)  can  give  insights  into  the  character  and 
possible  identity  of  particular  proteins.  Protein  samples  of  rat  cortex  and  amionlum  sulfate 
fractions  of  whole  rat  brain  were  separated  by  two-dimensional  gel  electrophoresis  (2DE) .  The 
proteins  were  then  electroeluted  onto  nitrocellulose  paper  and  Che  membranes  Incubated  in  45ca*^. 
CBP  were  detected  by  autoradiography.  Five  proteins  were  consistently  detected  in  rat  cortex.  Two 
of  these,  calmodulin  (CaM)  and  calclneurin  (Cn) ,  were  identified  using  purified  protein  and 
specific  antisera.  The  others  have  H^  and  pi  ranges  of  13,500-16,000  and  4. 8-5. 3  respectively. 

These  same  5  proteins  were  again  seen  in  the  various  aastonlun  sulfate  fractions  but  4  previously 
undetected  CBP  were  also  seen.  The  H  and  pi  ranges  of  these  newly  detected  CBFs  were  12,500-27,500 
and  5. 0-5. 3  respectively.  Two  procelfts  wets  visualised  in  the  20*  fraction  and  one  each  in  the  801, 
100*  and  S-100  fractions.  The  protein  (M  27,500,  pi  5.2)  found  in  the  80*  fraction  shows  an 
incense  binding  of  calcium  similar  Co  the  0  subunit  of  Cn.  Its  intensity  may  indicate  high  binding 
affinity,  as  the  other  proteins  show  lower  intensities  even  though  they  are  also  enriched.  These 
results  demonstrate  that  using  2DE,  CBP  are  detectable.  The  abundant  CBP,  CaM  and  Cn,  were 
identified  by  this  method,  and  with  enrichment,  as  in  ananonlum  sulfate  fractionation,  previously 
undetected  CBP  are  detectable. 


234  ALLOSTERIC  REGULATION  OF  INOSITOL  1 ,4 ,5-TRISPHOSPHATE-3-KINASE  BY  SODIUM. 

A.B.  Cubltt,  P.R.H.  Dobson  and  B.L.  Brown.  Department  of  Human  Metabolism  &  Clinical 
Biochemistry,  University  of  Sheffield,  Sheffield,  U.K. 

The  importance  of  inositol  1,4,5-trlsphoophace  Ins  (1,4,5)  P3  as  a  second  messenger  mediating 
Che  actions  of  many  hormones  and  neurotransmicters  is  now  established.  The  recent  discovery  (1)  of  a 
Ins  (1,4,5)  Pj-l-klnase  has,  however,  complicated  previous  ideas  of  the  metabolism  of  this 
important  molecule  and  lead  to  a  search  for  a  role  of  this  pathway.  When  (^Hl-Ins  (1,4,5)  Pj  (" 
juM;  1  Cl/aH  Amersham)  was  added  to  a  neuroblastoma  hybrid  (NCB-20)  supernatant  In  a  buffer 
approximating  to  the  Intracellular  ionic  composition  (RCl  110  sH,  NaCl  10  aM,  MgCl,  200  uM,  ATP  200 
AiN,  ECTA  1  sM,  HEPES  25  ^  pH  7,6  at  37®C).  Some  Ins  (1,4,5)  P3  was  phosphorylaced  to  Ins 
(1,3,4, 5)  Pj  (5X)  (as  determined  by  HPLC),  while  the  bulk  of  Ins  (1,4,5)  P3  was  dephosphorylaced 
to  IPj,  IPi  and  Ins.  Raising  the  concentration  of  sodium  (compensated  for  by  potassium) 
increased  the  amounts  of  IP^  formed  dose  dependently.  The  effect  was  maximal  at  50  nH  Na"*"  while 
changing  the  concentration  of  sodium  from  2  iM  to  20  aM  enhanced  Che  activity  of  Che  kinase  3  fold. 
Previous  studies  (1)  have  demonstrated  chat  the  IP3-3-klnase  may  be  activated  by  the  alkallntsatlon 
induced  by  growth  factors.  It  is  proposed  here  that  in  vivo  Che  kinase  nay  also  undergo  sllosterlc 
activation  as  s  consequence  of  the  influx  of  sodium  ions  resulting  from  activation  of  the  sodium- 
hydrogen  snclport  system.  Estimates  (2)  of  the  resting  sodium  concentretion  suggest  a  value  of  8  sH, 
whilst  upon  alkallntsatlon  this  may  rise  as  high  as  26  rtl.  This  is  consistent  with  Che  view  that 
changes  in  sodium  ion  concentration  may  be  important  in  regulating  the  activity  of  the  IP3  kinase 
and  raises  Che  possibility  that  sodium  may  be  important  in  regulating  the  activities  of  other  enzymes 
1,  R.F,  Irvine  et  al  Nature  320,631-634  (1986)  2.  M.L.  Vlllereal  J.Cell  Phys.lll :163-170  (1982). 


235  SEPARATION  OF  MULTIPLE  ISOMERS  OF  INOSITOL  PHOSPHATES  FORMED  IN  GH3  CELLS,  Nicholas  M. 

Dean  and  Janes  0.  Moyer,  Laboratory  of  Biological  Chemistry,  DCT,  DTP,  NCI,  Bethesda,  MO  20892 


High  performance  liquid  chromatography  (HPLC)  separations  have  been  developed  to  resolve  inositol 
phosphates.  One  set  of  conditions  separates  isomers  of  inositol  monophosphate  (IP),  inositol  bis- 
phosphate  (IP;)  and  inositol  trisphosphate  (IP3),  another  IP4,  IPc  and  IPg.  The  separations  were 
used  to  investigate  the  thyrotropin  releasing  hormone  (TRH)  stimulated  pr^uction  of  inositol  phos¬ 
phates  in  a  rat  pituitary  tumor  (GH3)  cell  line.  In  ceils  labeled  with  ['^H]inosito1  and  treated 
with  lithium,  radiolabeled  components  identified  as  I(1)P,  I(2)P,  I(4)P,  1(1, 4)2;,  1(1, 3, 4)23, 
1(1.4,5)23,  IP4.  12$  and  IP$  are  present  as  are  multiple  unidentified  IP;  peats.  Low  levels  of 
glycerophosphoinositol  are  also  found,  however  no  glycerophosphoinositol  phosphate,  glycerophospho- 
inositol  bisphosphate  or  inositol (l,2)cyclic. monophosphate  are  present.  Subsequent  to  stimulation 
with  TRH  both  1(1)P  and  I(4)P  increase,  the  increase  in  1(4)P  preceding  that  of  I(1)P;  1(1,4)22  and 
an  unknown  IP;  increase;  and  both  1(1,3,4)23  and  1(1,4,5)23  increase,  the  increase  in  I(1,4,5)P3 
being  rapid  and  transient  while  the  increase  in  1(1,3,4)23  is  slower  and  more  sustained.  The  most 
rapidly  appearing  inositol  phosphates  produced  subsequent  to  TRH  stimulation  are  1(1, 4)P;  and 
1(1,4,5)23.  No  I(1)P  is  formed  at  early  time  points  indicating  that  a  phospholipase  C  mediated 
breakdown  of  phosphatidylinositol  is  not  an  early  event  in  these  cells. 


236  PRODUCTION  OF  INOSITOL  TRISPHOSPHATE  ISOMERS  IN  HUMAN  NEUTROPHILS.  Susan  B.  pHlon.  John 

J.  Murray,  and  Ralph  Snyderman.  Howard  Hughes  Medical  Institute,  Duke  llniv.  Hed.  Ctr., 
Durham.  N.C.  27710. 

Stimulation  of  PWi  chemoattractant  (CMT)  receptors  for  N-formyl  peptides  (f-met-leu-phe) ,  platelet 
activating  factor  CPAF]  and  leukotriene  B4  (LTB4)  utilize  a  common  transduction  pathway  that  results 
in  the  rapid  elevation  of  cytoplasmic  Ca^*  levels,  and  in  production  of  inositol  trisphosphate  (IP3). 
Since  the  1,4,5,  and  1,3,4  isomers  of  IP3  have  disparate  biological  activities  it  is  important  to 
determine  the  relative  amounts  and  kinetics  of  their  production  following  PMN  activation.  Inositol 
phosphates  were  TCA  extracted  from  3H-myo-inosttol  labelled  PMN  and  separated  by  H.P.L.C.  by  anion 
exchange.  In  unstimulated  cells,  c.p.m.  in  the  1,4,5  IP3  peak  were  low  (38+14;  n=8)  and  1,3,4  IP3  was 
not  detected.  The  initial  IP3  response  to  0.1  -  1.0  uM  f-mct-leu-phe,  PAF,~or  LTB4  (measured  at  5 
seconds)  consisted  entirely  of  the  1,4,5  IP3  Isomer.  Peak  levels  of  1,4,5  IP3  were  comparable  for 
optimal  doses  of  all  3  CMT  tested,  reaching  between  330-500t  of  resting  levels  by  5  seconds.  For  each 
CMT,  the  1,3,4  isomer  first  appeared  at  15  seconds  after  stimulation,  constituting  25+4t  (n'5)  of 
total  IP3.  By  60  seconds,  50*  or  more  of  the  total  IP3  consisted  of  the  1,3,4  isoraer7  however  by  this 
time  the  total  IP3  in  PAF  or  LTB4  stimulated  cells  had  declined  to  10-20*  of  maximum.  Elevated  IP3 
levels  in  f-met-leu-phe  stimulated  cells  did  not  subside  until  5  minutes  after  stimulation.  The  pro¬ 
posed  mechanism  for  formation  of  1,3,4  IP3  is  via  a  1,3,4, 5  inositol  tetrakisphosphate  (IP4)  inter¬ 
mediate  (Irvine  et.al.  Nature  320;  1986).  In  studies  using  plasma  membranes  prepared  from  3H-myo- 
inositol  labelled  PMNs,  only  the  1,4,5  isomer  was  produced  in  response  to  Ca^*  or  GTP  mediated  acti¬ 
vation.  This  suggests  that  a  1,4,5  IP3  kinase  activity  may  be  present  in  cytoplasmic  fractions  of  PMN, 


237  CALCIUM  release  FROM  INOSITOL  1,4,5  TRISPHOSPHATE-SENSITIVE  ISLET  CELL  MEMBRANES 

CO-LOCALIZED  WITH  PLASMA  MEMBRANE.  Marjorie  Dunlop  and  Richard  G.  Larkins.  University  of 
Melbourne*  Department  of  Medicine*  Parkville.  Vic.  Australia.  3050. 

Inositol  1,4,3  trisphosphate  (IPs),  arising  from  hydrolysis  of  phosphatidylinositol  4,5  bisphos¬ 
phate  [Ptdlns  (4,5)P3]»  is  proposed  as  the  link  between  membrane  receptor  activation  and  mobilization 
of  Ca^+  from  intracellular  sites  in  hormone  secreting  cells.  The  location  of  IP^-sensitlve  membranes 
was  investigated  in  neonatal  B  cells.  Membranes  were  obtained  after  lysis  of  cultured  cells  attached 
to  positively  charged  Sephadex.  Scanning  electron  microscopy  indicated  a  plasma  membrane  attachment 
face  of  5-lOum  diameter  with  attached  membrane  sheets.  Enzyme  markers:  5*-nucleotlda8e  (5'NT),  4.14; 
glucose-b-phosphatase  (G-S-Pase),  1.31;  UDP-galactosyl  transferase  (UDP-GT),  0.21;  succinate 
dehydrogenase  (SD),  O.28umol/h/mg  protein.  Following  sonlcatlon  vesicles  (0.17  t  0.04gm  diameter) 
remained  at  the  attachment  face  (5'NT,  5.54;  G-b-Pase,  0.09umol/h/mg  protein,  UDP-GT  and  SD 
undetected).  The  endoplasmic  reticulum  marker*  G-b-Pase  represents  5.2Z  of  total  cell  activity. 
ATP-dependent  ^^Ca^+  accumulation  was  shown  in  this  preparation  (410  ±  24  (b)  pmol/mg  protein  at 
150nM  free  Ca^+)  and  was  Inhibited  by  vanadate  (lOOgM).  Half  maximal  Ca^+  release  occurred  with 
0.5uM  IP3,  maximal  release  with  5mM  IP9,  t%  12  seconds.  With  concurrent  use  of  ATP  to  label 

phospholnositides,  Gpp(HH)p  effected  PtdIn8(4,5)Pa  hydrolysis  and  release  of  Ca^4-  (half  maximal  Ca’4- 
release*  30uM*  t^  20  seconds).  GTP  was  without  effect  on  PtdIn8(4*5)P2  hydrolysis  but  effected 
release  of  (half  maximal  Ca^  release,  5gM*  t^  75  seconds)  indicative  of  a  separate  release 

mechanism.  A  close  association  between  plasma  membrane  and  elements  of  the  endoplasmic  reticulum  is 
indicated  in  this  model*  providing  a  possible  mechanism  for  local  alterations  in  free  Ca^-f  in  the 
sub-plasma  membrane  region. 


ACTIVATICM  cr  CALCIUH  CHMWELS  IH  EXnPLASlUC  RCnCULUH  (ER)  BY  GUAHIMC  NUCLEOTIDCS 
AND  INOSITOL  I.4.5-n)ISPHOSmATC  (IPj).  Donald  L.  GIU.  Sh6«t-Hiiel  Chuah.  Til  Mark  W.  Noel. 
Dept.  Biological  Chaaletry,  tJnlverilty  of  Maryland  School  of  Medicine,  Baltlaore,  ID  21201. 

A  highly  saneltlve  and  qteclflc  guanine  nucleotide  regulatory  aectwnlea  hae  been  obeerved  to 
directly  control  Ca^t  efflux  froa  CR  within  cultured  neuronal  and  saooth  anucle  cell  line*. 
Using  saponin  peneahlllzed  cells  and  alcrosoaal  asabrane  vesicles  fraa  NIC-115  neuroblastoaa 
cells,  studies  have  revealed  release  of  loaded  Ca^'*'  In  response  to  both  IP3  and  guanine  nucleotides. 
Thus,  GTP  activates  a  rapid  and  substantial  release  of  Cait  with  an  CC50  of  0.8  iiH;  In  contrast, 
bH  levels  of  IIP,  CIP,  AlP,  UTP,  OP,  2'3'-cGIP,  3’5'-cGW,  and  guanoalne  are  Ineffective. 
Neither  GTPyS  nor  GppMIP  effect  release,  however,  GTPyS  (but  not  GpptHp)  blocks  the  action  of 
GTP.  (XP  effects  full  but  delayed  Cait  release,  but  only  after  Its  conversion  to  G1P  via  nucleoside 
dlphosphoklnaae  activity:  thus  the  effects  of  GDP  arc  prevented  by  addition  of  AOP.  In  fact 
GDP  Is  a  potent  coapetltlve  Inhibitor  of  Glp-aedlated  Ca^t  release  with  iiH.  The  results 
suggest  that  a  specific  GTPase  controls  opening  of  a  cait  channel  In  Ol,  activation  of  which 
Is  dependent  on  the  cytosolic  (TIPiGDP  ratio.  GTP  has  no  effects  on  release  of  Cait  accuBulated 
within  altochondrla  or  plasaa  aeabrane  vesicles.  GTP  appears  to  Induce  Cast  release  froa  the 
saae  specific  subcoepartaent  of  EX  targeted  by  IP3.  Distinctions  In  the  action  of  the  two  agents 
with  respect  to  teaperature-dependence  and  GDP-reverslbllty  suggest  they  Initially  activate 
separate  aechanlsas.  However,  the  peralaeive  effects  of  PEC  on  both  GTP  and  IP3-aedlated  re¬ 
lease  froa  alcrosoaal  vesicles  snd  the  coaann  nature  of  the  Ca>t  pool  Involved  suggest  coupling 
between  the  actions  of  IP3  and  GTP.  (Supported  by  NIH  grant  HS19304  and  HSF  grant  DCB-8S10225) . 


239  KECHANISMS  OF  ACMNISI-STIMULATED  INOSITOL(1,3,4 ,5)P3  FORMATION  IN  LIVER.  C.  A.  Hansen, 

R.  Johanson,  and  J,  R,  Ullliamaon,  University  of  Pennsylvania,  Dept,  of  Biochemistry  A  Biophysics, 
Philadelphia,  PA  19104  USA 

Ins(l,4,5)P3  can  either  be  dephosphorylated  to  Ina(l,4)P2  by  a  5-phosphatase  or  phosphorylated  to 
Ins(l,3,4,5)P4  by  a  soluble  ATP-dependent  Ino{l,4,5)P3  kinase  (Irvine  et  at.  Nature  320:631,  1986, 
Hansen  et  at.  J.  Biol.  Chea.  261:8100,  1986).  The  ability  of  a  variety  of  Ca^t-niobillzlng  agonists  to 
stimulate  Ina(l,3,4,5)P4  formation  was  exmined  using  t^H]-w?J^c5inosltol  prelabeled  hepatocytes  with  the 
[3H]-lnositol  phosphates  being  analyzed  by  HPLC.  Vasopressin  (20  nM)  resulted  in  the  greatest  in¬ 
crease  in  both  Ina(l,3,4,5)P4  and  In8(l,4,5)P3.  The  relationship  of  Ins(l,3,4,5)P4  accumulation  to 
that  of  Ins(l,4,5)P3  suggested  that  the  IP3  kinase  was  saturated  with  Ins( 1 ,4 ,5)83 .  Accumulation  of 
Inositol  phosphates  with  maximal  phenylephrine  (lOuM)  was  201  of  that  with  W.  However,  the  In8(l,3, 
4,5)P4  levels  were  linearly  related  to  the  Ins(l,4,5)P3  levels,  indicating  the  IP3  kinase  was  not 
saturated.  EOF  (100  nM)  and  glucagon  (10  nM)  both  caused  small  but  statistically  significant  accum¬ 
ulations  of  lns(l,3,4,5)P4  and  In8(l,4,5)P3 .  There  were  no  indications  with  any  of  these  agonists 
for  a  specific  stimulation  of  IP3  kinase  relative  to  the  other  agonists.  Phenylephrine,  glucagon, 
and  EGF-stlmulated  accumulations  of  all  inositol  phosphates  were  abolished  by  pretreatment  of  hepa- 
tocytes  with  PMA.  This  suggested  that  these  agents  were  acting  via  a  common  mechanism,  l.e.  by 
modulation  of  phospholipase  C  activity  (e.g.  via  a  G-protein) .  Alternately,  however,  the  small  In¬ 
creases  in  Ins(l,4,5)P3  and  In8(l,3,4,5)P4  with  glucagon  ai.d  EGF  could  result  from  inhibition  of 
the  5 'phosphatase,  thus  diverting  basal  flux  through  phospholipase  C  predominantly  to  In8(l,3,4,5)P4. 
Current  efforts  are  focussed  on  the  potential  modulation  of  5 ' phosphatase  activity  by  cAMP-dependent 
protein  kinase  and  protein  kinase  C.  Supp:  NIH  grant  AM  15120 


ATP-INDUCEO  CALCIUM  MOBILIZATION  AND  INOSITOL  1, 4, 5-T&1S  PHOSPHATE  FORMATION  IN  H-35 
HEPATOMA  CELLS.  D.A.  Hotstaan.  K.A.  Tennes  and  J.W.  Putney,  Jr.,  Division  of  Cellular 
Pharmacology,  Medical  College  of  Virginia,  Virginia  Commonwealth  Unlveralty,  Richmond,  Virginia 
23298. 

Addition  of  ATP  (but  not  epinephrine,  angiotensin  II,  vasopressin,  or  platelet-activating 
factor)  to  H-35  hepatoma  cel)^  whose  cellular  lipids  have  been  pre-labelled  with  [%)laosltol, 
causes  a  rapid  Increase  In  [^Ilnosltol  trlsphosphate.  The  formation  of  Inoaltol  trlsphosphate 
Isomers  was  examined.  Control  cells  contained  ['hJ (1,4,5)IP3  but  no  detectable  f^H] (1,3,4)IP3. 
On  stimulation  with  ATP  (300^40!)  [%](!, 4,5) IP3  levels  were  Increased  more  than  three-fold  and  a 
roughly  equivalent  amount  of  ^^3^4)LP^  was  formed.  In  H-35  cells  pre-lncubated  In  the 

presence  of  ATP  causes  a  similarly  rapid  release  of  *3ca3+,  ^3(;,2+  effiu,  was  transient, 

maximal  within  30  sec  and  back  to  basal  levels  3  min  after  the  Initial  application  of  ATP.  The 
transience  of  this  response  presumably  reflects  the  finite  size  of  the  ATP-sensltlve  Ca^*  pool. 
The  concentration-effect  relationships  for  Inositol  trlsphosphate  formation  and  Ca^'*'  efflux  are 
similar  to  those  reported  previously  for  differentiated  hepatocytes.  These  results  demonstrate 
that  at  least  one  of  the  Ca^'''~moblllxlng  receptors  normally  found  on  hepatocytes  Is  functionally 
retained  In  the  H-35  hepatoma  cell  line  and  thus  could  provide  a  useful  model  for  the  study  of 
these  receptor  mechanisms  In  liver.  (Supported  by  NIH  Grant  fAH-32823). 
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PUDSPHORTLATION  OF  THE  47.000  DALTON  PROTEIN  AND  PHOSPHOINOSITIDES  TURNOVER  ARE  INVOLVED  IN 
ABNORMAL  PLATELET  ACTIVATION  IN  SPONTANEOUSLY  HYPERTENSIVE  RATS.  Hugoor-Akbar  and 
Khuraheed  Anwer.  Program  In  Physiology  and  Pharmacology.  The  Ohio  University,  Athens,  OH  45701,  USA. 

In  this  study  platelets  from  spontaneously  hypertensive  (SHR)  and  normotensive  (Wistar  Kyoto,  WKY) 
rats  were  used  to  investigate  the  factors  responsible  for  abnormal  platelet  aggregation  (PA)  in  hyper¬ 
tension.  Thrombin  (0.04  0.05  U/ml)  induced  two-  to  three-fold  increased  PA  in  SHR  than  in  WKY. 

Incubation  of  (*^P)-PO%  labeled  platelets  with  thrombin  for  10,  15,  30  and  60  seconds  caused  signifi¬ 
cantly  increased  phosphorylation  of  47,000  Dalton  protein  (P47)  in  SHR  platelets  (58Z,  70Z,  105Z  and 
HOT)  than  in  UKV  platelets  (15Z,  29Z,  46Z  and  58Z).  The  effect  of  thrombin  on  incorporation  of 
(’^P)-PO^  into  platelet  pbosphatldlc  acid  was  examined  as  an  index  of  phosphoinosltldes  (Pins)  turn¬ 
over.  Thrombin  <0.05  U/ml)  caused  a  four-fold  increase  in  phosphatidic  acid  production  in  SHR  plate¬ 
lets  (8SZ)  than  in  WKY  platelets  (21Z)  in  15  seconds.  The  extent  of  serotonin  secretion  (SS)  and 
thromboxane  A2  (TXAj)  synthesis  induced  by  0.04  -  0.05  U/ml  of  thrcmbln  was  similar  in  WKY  and  SHR 
platelets.  Aspirin  (500  uH)  inhibited  thrombin  (0.05  U/ml)  induced  TXA2  synthesis  by  >75Z  but  did  not 
affect  PA  or  SS  in  WKY  or  SHR  platelets.  Thrombin  (0.1  -  0.3  U/ml)  produced  significantly  larger 
amounts  of  TXAj  in  SHR  than  in  WKY  platelets.  However,  no  differences  in  PA  or  SS  were  seen  at  these 
higher  concentrations  of  thrombin.  In  other  experiments  up  to  1000  uM  arachidonic  acid  or  up  to  20  uM 
U46619,  a  stable  analog  of  prostaglandin  H2 ,  did  not  Induce  PA  in  WKY  or  SHR  platelets.  These  find¬ 
ings  lead  us  to  suggest  that  Increased  turnover  of  Pins  and  increased  phosphorylation  of  P47  and  not 
the  increased  TXA2  synthesis  is  responsible  for  abnormal  platelet  activation  in  SHR.  (Supported  in 
part  by  the  COHC  #84-1,  #d6-01-A  and  the  Ohio  University  College  of  Osteopathic  Medicine.) 


CALCIUM  MODULATION  OF  INOSITOL  1 ,4 , 5-TRISPHOSPHATE-  BUT  HOT  OF  GTP-INDUCED  CALCIUM  RELEASE 
FROM  MG108-15  MICROSOMES.  Thierry  JEAN  and  Claude  B.  KLEE 

The  mechanism  of  calcium  release  induced  by  inositol  1 ,4,5-trisphosphate  IP3  or  by  GTP  was  studied 
in  subcellular  fractions  of  neuroblastoma  x  glioma  (NG108-15)  hybrid  cells.  A  post-mitochondrial 
fraction,  enriched  in  endoplasmic  reticulum  and  plasma  membranes  was  the  most  active  in  both  IP3  and 
GTP-dependent  calcium  release.  However,  the  effects  of  GTP  and  IP3  were  strikingly  different;  i) 
the  release  of  calcium  induced  by  GTP  was  slow  {ti^90  seconds)  as  compared  to  that  produced  by  IP3 
(C^IO  seconds),  ii)  GTP  released  calcium  only  in  the  presence  of  polyethyleneglycol  whereas  the 
fusogene  had  no  effect  on  IP3-induccd  calcium  release,  iii)  The  presence  of  GTP  (or  IP3)  did  not 
affect  the  efflux  of  calcium  mediated  by  the  other  agent,  iv)  Increasing  the  free  calcium  concen¬ 
tration  in  the  incubation  medium  stimulated  the  CTP-induced  calcium  release  but  inhibited  the  effect 
of  IP3.  IP3-ioduced  calcium  release  was  maximum  at  lO'^  free  calcium  and  was  uodedectable  at 
2x10*^  free  calcium.  These  results  suggest  that  IP3  and  GTP  act  by  distinct  mechanisms  on  different 
calcium  atorea.  The  physiological  significance  of  a  GTP-indueed  calcium  release  remains  to  be 
demonstrated.  On  the  other  hand,  the  feedback  inhibition  of  the  IP3-induced  calcium  release  by 
cytoplasmic  calcium  constitutes  an  important  self-regulatory  mechanism  and  uy  permit  the  uncoupling 
of  the  IP3  and  diacylycerol  signals  following  hormonal  stimulation  of  the  menbrane-bound 
phospholipase  C. 
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TOXICITY  OF  LIPOSOMES  CONTAINING  PLANT  PHOSPHATIDYLINOSITOL  TO  TUMOR  CELLS:  EFFECTS  OF 
PHOSPHOLIPASE  A2  INHIBITORS.  Marti  Jett  and  Carl  R.  Alvlng.  Dlv.  Blochem. ,  Walter  Reed  Army  Inst. 
Res.,  Washington,  D.C,  20307-5100. 

Plant  phosphatldylinositol  (FI)  has  been  shown  by  us  to  have  a  direct  cytotoxic  effect  on 
cultured  tumor  cells  but  not  on  normal  cells.  Synthetic  PI  containing  ^^C-linolelc  acid  In  the  8n-2 
position,  also  showed  the  same  pattern  of  selective  cytotoxicity.  When  the  metabolic  fate  of 
synthetic  PI  was  examined  with  tumor  cells,  the  radioactivity  which  no  longer  occurred  as  PI,  was 
found  as  either  products  of  phospholipase  Ao  (93Z,  free  fatty  acids  and  phosphatidylcholine)  or 
phospholipase  C  (7Z,  dlglycerldes).  Uptake  of  liposomal  PI  %ra8  directly  correlated  «rlth 
cytotoxicity.  We  tested  a  variety  of  Inhibitors  to  see  the  effect  on  uptake  and/or  cytotoxicity  of 
plant  PI.  General  metabolic  Inhibitors  such  as  metrlzamlde  or  sodium  azide  reduced  cellular  uptake 
of  the  plant  PI  liposomes  to  70Z.  Inhibitors  of  lipoxygenase  formation,  such  as  Indomethacln ,  did 
not  alter  the  uptake  or  cytotoxicity  Induced  by  plant  PI.  Qulnacrlne,  an  Inhibitor  of  phospholipase 

A2,  decreased  the  uptake  of  the  PI  containing  liposomes  to  50Z  of  that  seen  in  the  presence  or 

absence  of  any  ocher  Inhibitor.  Although  qulnacrlne  is  itself  toxic  to  cells,  at  low  concentrations 
of  qulnacrlne,  plant  PI  did  not  show  the  same  degree  of  cytotoxicity  as  In  the  absence  of 

qulnacrlne.  Procaine  and  lldocalne,  also  Inhibitors  of  phospholipase  A2,  reverse  the  toxicity  of 

plant  PI  to  tumor  cells.  These  data  are  compatible  with  our  hypothesis  that  plant  PI  exerts 
cytotoxicity  by  serving  as  a  substrate  for  phospholipase  Aj. 


2^^  THE  ROLE  OF  CTP  AND  TNOSITOL  TRISPHOSPHATE  IN  MEDIATING  Ca^*  RELEASE  FROM  LIVER 

MICROS(MES.  S.  R.  Joseph,  C.  V.  Mlcchltts,  and  J.  R.  Willlamaon,  Dept,  of  Biochemistry  and  Biophysics, 
University  of  Pennsylvania  School  of  Medicine,  Philadelphia,  PA  19104-6089  USA. 

Inositol  trlsphoaphate  (IP3}  can  release  from  liver  mlcrosones  only  when  CTP  and  polyethylene¬ 

glycol  (PEG)  are  present  in  the  Incubation  medlun  [a.f.  Dawson,  A.  P.  (198S)  FEBS  Lett.  185:  147]. 

Under  aome  conditions  CTP  Itself  can  release  Ca^'^.  However,  the  Ca^'*’  releasing  effect  of  GTP  can 
be  selectively  removed  by  decreasing  the  amount  of  Ca^*^  sequestered  into  the  microsomal  vesicles 
without  affecting  the  ability  of  the  nucleotide  to  render  the  microsomes  sensitive  to  IP3 .  The 
ability  of  CTP  to  release  Ca^'*‘  could  also  be  Inhibited  by  the  addition  of  a  soluble  fraction  prepared 
from  a  high  speed  centrifugation  of  liver  homogenate.  This  fraction  retained  inhibitory  activity  after 
boiling  and  desalting  on  SephadeX'-G2S .  Non-hydrolysable  analogues  (e.g.  GTPyS)  had  no  effects  when 
added  alone  but  did  suppress  the  response  to  GTP.  The  binding  of  ^^s-CTPyS  to  microsomal  membranes 
was  unaffected  by  IP3  or  PEG.  Similarly,  CTP  and  PEG  did  not  significantly  affect  ^^P-IP3  binding. 
These  studies  tend  to  exlude  models  involving  GTP-blnding  proteins  analogous  to  those  coupled  to 
cell  surface  receptors.  No  evidence  was  obtained  for  direct  CTP-dependent  phosphorylation  of 
microsomal  proteins.  The  data  suggest  that  IP3  can  open  a  divalent  cation  channel  only  after  the 
channel  is  first  'primed*  In  some  unknown  manner  by  GTP  hydrolysis.  In  subcellular  fractions  this 
process  Is  promoted  by  PEC  and  regulated  by  the  intraveslcular  Ca^*^  content  and  cytosolic  factors. 
Supported  by  JDF  Career  Development  Award  (SKJ)  and  NIH  grants  AM-34804  (SKJ)  and  AM-15120  (JRW) . 


245  CHOLECYSTOKININ  OCTAPEPTIDE  ACTIVATES  INOSITOL  PHOSPHATE  ACCUMULATION 

IN  A  HUMAN  EMBRYONIC  PITUITARY  CELL  LINE.  William  W.Y.  Lo*'*',  Colin  R.  Clark+ 
and  John  Hughes'*'*  '''Parke'Davis  Research  Unit*  Addenbrooke '  s  Hospital  Site*  Hills 
Road*  Cambridge*  U.K.  ^Downing  College*  Cambridge  University*  Cambridge*  England. 

The  effect  of  CCK-8(S)  on  polyphosphoinositide  (PPI)  turnover  was  investigated 
in  a  human  embryonic  pituitary  cell  line  (i.e.  Plow  9000).  CCK'8(S)  stimulated 
inositol  phosphate  accumulation  in  a  dose-  (EC5o=0.79  ^  0.12nM)  and  time-dependent 
manner.  Time  course  studies  showed  that  significant  amounts  of  (^HjInsP3  were 
formed  as  early  as  15  sec  indicating  that  an  initial  CCK-B { S)-mediated  breakdown 
of  phosphatidylinositol-4* 5-bisphosphate  is  the  principal  mechanism  operating 
during  receptor  activation.  External  calcium  is  not  required  for  the  CCK-8(S)- 
PPI  effect.  Benzotript*  a  s^cific  CCK  receptor  antagonist,  competitively 
inhibited  CCK-8(S) -induced  [^HjlnsP  formation  with  a  value  of  12.75  ^  1.55 
uM.  These  results  suggest  that  stimulated  PPI  hydrolysis  is  the  biochemical 
mechanism  which  CCK  receptor  utilizes  following  its  activation  in  Flow  9000 
cells.  Moreover*  the  human  embryonic  pituitary  cell  line  Flow  9000  appears 
to  be  a  useful  model  system  for  the  examination  of  CCK-mediated  pituitary 
cell  function. 

William  W.Y.  Lo  is  a  Commonwealth  Scholar. 


INHIBITION  OF  HISTAMINE.  INDUCED  EFFLUX  BY  AN  ANTIHYPERTENSIVE  DRUG 
246  (CICLETANINE)  IN  CULTURED  VASCULAR  SMOOTH  MUSCLE  CELLS. 

M.  Lonchampt,  M.  Cabanid,  A.  Esanu,  C.  Demerit  and  P.  Braquet 
IHB  Research  Labs,  17  avenue  Descartes,  F-92350  Le  Plessis  Robinson  (France) 
Histamine  (Hist)  -induced  Ca-^-*-  efflux  was  studied  in  smooth  muscle  cells  (SMC)  cultured  from 
guinea-pig  up  to  4th  passage.  The  cells  were  labeled  with  4S  Ca+  +  (2  n  Ci/ml)  to  a  stable  specific  activity. 
The  effect  of  cicletanine  (CIC)  a  new  dihydrofuropyridine  antihypertensive  drug  was  studied  on  this  model. 
During  the  efflux,  2  phases  could  be  distinguished.  The  03-^+  efflux  during  the  initial  phases  was  rapid 
(50%  in  the  first  2  minutes)  and  Hist  stimulated  this  efflux  by  80%.  A  Hi  agonist  (2  -pyridylethylamine 
dihydrochloride,  10-4  M)  stimulated  Ca-'-  +  efflux  (50%  compared  to  Hist)  whereas  Ha  agonist  (dimaprit 
10-4  M)  had  no  effect.  Anti  Hi  drugs  (mepyramine  10-5  M  and  terfenadine  10-5  m)  blocked  the  Hist 
stimulated  efflux. 

Whatever  the  doses,  (S)  CIC  did  not  modify  the  Ca+  +  efflux.  In  the  same  manner  (R)  CIC  and  Rac  CIC 
did  not  change  the  efflux.  When  cells  were  preincubated  with  these  products  (10  -  5  M)  and  then  stimulated 
by  Hist  (10-4  M).  the  effect  of  Hist  was  completely  inhibited  by  S  (CIC)  and  Rac  (CIC)  but  not  by  R  (CIC). 
these  data  suggest  that: 

1-  Hist  activates  Hi  receptors  to  mediate  a  release  of  Ca-*-  +  from  internal  stores. 

2-  CIC  acts  as  a  Hi  antagonist.  Its  enantiomers  have  opposite  effects. 


PROTEIN  KINASE  C  STIMULATES  INOSITOL  TRISPHOSPHATE  OEPHOSPHORYLATION.  Luis  H.  Molina  y 
Vedla  and  Eduardo  G.  Lapetina.  Molecular  Biology  Departaent,  Burroughs  Wellcoae  Co.pResearch 
Triangle  Park,  NC  27709 

Inositol  trisphosphate  <1P3)  Is  fonsed  In  response  to  specific  agonists  that  cause  activation  of 
phospholipase  C  degradation  of  phoaphatidyVinositol  bisphosphate.  1P3  Is  a  second  iMssenger 

that  releases  Ca  froa  the  dense  ^bular  systea  to  the  cytosol  Ui  stlaulated  platelets.  Our 
preser^  Inforaatlon  Indicates  that  [^)IP3  is  dephosphorylated  to  [^HUnosltol  bisphosphate  (IP2) 
and  [^Hllnosltol  aonophosphate  (IP)  by  huaan  platelets  treated  with  0.051  Triton  X-100.  This 
detergent  allows  IP3  to  access  cytosolic  IP3*phosphatase  and  to  activate  the  dephosphorylation  of 
IP2  to  IP  by  IP2*phosphatase.  Pretreataent  of  intact  platelets  with  phorbol  dibutyrate  (PDBu)  and 
1-oleyl ,2>aeetyl pdiacylglycerol  (OAG)  for  30  s,  at  concentrations  that  Baxiaally  activate  protein 
kinase  C,  stimulates  the  conversion  of  IP3  to  IP2  and  IP.  This  suggests  a  role  for  protein 
kinase  C  in  the  regulation  of  1P3  degradation. 


248  MEASUREMENT  OF  INTRACELLULAR  IN  SINGLE  SMOOTH  MUSCLE  CELLS.  J.  R.  Monck,  E.  E.  Reynolds 

and  J.  R.  Williamson,  Unlv.  of  Pennsylvania  School  of  Medicine,  Dept,  of  Biochemistry  and  Biophysics, 
Philadelphia,  PA  19104  USA. 

The  newly  developed  Ca^***  indicator  Fura2  has  been  employed  to  study  hormone^ induced  Ca^*^  changes 
in  single  cells  using  videomicroscopy  and  image  analysis.  AlO  Smooth  muscle  cells,  derived  from  rat 
thoracic  aorta,  responded  to  maximal  concentrations  of  vasopressin  with  a  single,  large  increase  in 
free  Ca2+  which  decayed  over  5-10  min.  However,  at  low  vasopressin  concentrations  (0.2,  0.5  nM) 
there  were  two  distinct  peaks  cf  Ca^'^.  The  Initial  peak  rose  rapidly  and  had  predominantly  decayed 
before  onset  the  second  peak  which  reached  a  maximum  after  3  min  and  decayed  more  slowly.  No 
sign  of  the  blphasic  response  was  seen  when  the  Ca^^  transient  was  recorded  with  a  population  of  cells 
in  a  fluorometer,  using  a  monolayer  of  cells  gro%m  on  ACLAR.  Furthermore,  the  rise  time  for  the 
transient  in  the  monolayer  waa  cnneiderably  alower  than  for  the  single  cells.  This  suggests  that 
the  different  transient  observed  in  the  cell  population  Is  due  to  individual  cells  responding  asyn- 
cronously.  When  the  response  of  a  single  cell  to  low  concentrations  of  vasopressin  was  measured 
in  the  absence  of  extracellular  Ca^^,  the  second  phase  was  abolished,  but  the  first  phase  was 
unchanged.  Extracellular  (2  mM)  also  greatly  reduced  the  second  phase.  These  data  indicate 

that  the  Initial  peak  is  due  to  tBoblllzatlon  of  Intracellular  Ca^***  and  the  second  phase  to  influx 
of  extracellular  Ca2+.  The  observation  tliat  the  second  phase  docs  not  become  apparent  until  the 
initial  phase  has  largely  decayed  raises  the  interesting  possibility  that  Influx  of  extracellular 
Ca^***  is  mediated  by  a  and  IP3- Independent  mechanism,  perhaps  through  a  secondary  interaction 

of  the  vasopressin  receptor  with  a  guanine  nucleotide  binding  protein  as  has  been  suggested 
for  channels  coupled  to  muscarinic  receptors.  Supp:  HL>14461 


INVOLVEMENT  OF  INOSITOL  PHOSPHATES,  DIGLYCERIDE  AND  ARACHIDONATE  IN  CnRH  ACTION  ON  GONADO¬ 
TROPH  LH  SECRETION.  R.O.  Morgan.  J.P,  Chang  and  K.J.  Catt.  ERRB/NICHD,  Bethesda,  MP  20892. 

The  GnRH-induced  elevation  of  intracellular  [Ca2+]  required  for  LH  secretion  results  from  the  mo¬ 
bilization  of  calcium  from  intracellular  pools  as  well  as  by  external  Ca2+  entry  via  voltage-sensitive 
calcium  channels  (J.  Biol.  Cheo.  261.  9105).  Certain  products  of  phosphoinositide  metabolism,  viz. 
lno8lCol-l,4,5-tri8pho8phate  (IP3)  and  aracbidonlc  acid,  have  been  proposed  to  mediate  changes  in 
cytoplasmic  calcium  levels.  HPLC  characterization  of  gonadotroph  phosphoinosltides  and  inositol  poly¬ 
phosphates  (IPs)  has  provided  unequivocal  evidence  that  phospholipase  C-catalyzed  hydrolysis  of  phos- 
phatldyllnositol-4,5-bl8pho8phate  (PIP2)  to  IP3  and  dlglyceride  (DC)  is  a  selective,  primary  event  in 
GnRH  action.  Two  novel  findings  were  that  gonadotrophs  contain  "higher”  IPs,  identified  by  dual-label 
analysis  as  IP4,  IP5  and  IP^,  which  increase  in  response  to  GnRH,  and  that  lnositol-4-monophosphate 
(I-4-P)  rather  than  the  expected  I-l-P  is  the  chief  intermediate  of  IP  catabolism  in  gonadotrophs. 

The  DC  resulting  from  CnRII-stlmulated  PIP2  hydrolysis  is  a  known  activator  of  protein  kinase  C 
(PKC)  and  a  source  of  free  aracbidonlc  acid  (AA)  in  rat  gonadotrophs.  Results  from  pituitary  cell 
column  perifuslon  studies  using  AA,  DC,  phorbol  ester,  nordlhydrogualaretic  acid  and  retinal  suggest 
that  AA  (or  its  metabolites)  may  participate  mainly  in  the  early  secretory  response  to  GnRH,  while 
PKC  may  regulate  later  events  of  GnRH  action.  The  demonstrated  changes  in  IP3  and  higher  IPs,  and  the 
effects  of  DG  and  AA  on  LH  secretion  substantiate  the  hypothesis  that  these  intermediates  represent 
intracellular  signals  in  the  calcium-  and  protein  kinase-dependent  secretory  mechanisms  of  GnRH 
ac  t  ion . 


250  CHARACTEMZAT'OH  OF  A  POLYETHYLENE  GLYCOL  STIMULATED  HIGH  AFFINITY  MICROSOMAL  GTP*se. 

C.  V.  Nlcchltta,  S.  K.  Josepn,  and  J.  R.  Uilllaason,  Unlvaralty  of  Pennsylvania,  Dept,  of  Blochenlatry 
and  Biophysics,  Philadelphia,  PA  19104  USA. 

Recent  studies  of  the  Ca^'*'  transport  properties  of  the  nicroaoatal  fraction  of  rat  liver  have  shown 
that  GTP,  in  the  presence  of  polyethylene  glycol  (PEG),  will  stiaulate  the  release  of  sequestered  Ca^*^ 
(Dawson  et  al.,  1986,  Blochea.  J.  234:311) .  In  this  aystea  PEG  (3Zw:v)  is  necessary  to  allow  Ca^'^  release 

in  response  to  GTP  as  well  as  to  inositol  1 ,4,S-tri8phosphate  (IP3).  In  order  to  investigate  possible 

atechanisss  responsible  for  the  PEG  requirement,  the  effects  of  PEG  on  microsonal  GTPase  activity  were 
deteralned.  When  assayed  in  the  presence  of  0.2SuMGTP,  ATP,  AppNHp,  and  an  ATP  regenerating  aysten  PEG 
stlaulated  the  rate  of  GTP  hydrolysis  by40to70t.  This  effect  was  dependent  on  the  PEG  concentration; 
maximal  effects  were  observed  at  3X(w:v)  PEG.  GTP  hydrolysis  was  inhibited  at  PEG  concentrations  above 

5Z(w:v).  The  stimulation  by  PEG  of  microsomal  GTP  hydrolysis  was  only  observed  at  GT?  concentrations 

of  0.01  to  5uM.  At  GTP  concentrations  above  SuH  the  rate  of  GTP  hydrolysis  was  Identical  in  the  presence 
and  absence  of  PEG.  PEG-stlamlated  GTP  hydrolysis  was  inhibited  by  the  nonhydrolytable  GTP  analogs 
GTPyS  and  CppMHp.  Complete  inhibition  was  observed  with  equimolar  concentrations  of  GTPyS.  CppNHp  was 
^proxisMtely  one  order  of  magnitude  less  effective  than  GTPyS.  A  similar  sensitivity  to  GTP  analogs 
was  observed  for  the  GTP-sensltive  release  system.  Inhibition  of  basal  GTPase  activity  required  far 

greater  concentrations  of  the  GTP  analogs  (lO'^M).  Neither  I?3  nor  IP4  significantly  altered  the  rate 
of  GTP  hydrolysis  in  the  presence  or  absence  of  PEC.  Our  current  studies  are  devoted  to  further 
characterization  of  this  GTPase  activity  as  well  as  its  regulation  by  cytosolic  components. 


USB  OP  TRITIATEO  WYO-IMOSITOL  IN  STUDIES  OP  PHOSPHATIDYLINOSITOL  METABOLISM:  FACTORS 
AFFECTING  SENSITIVITY  AND  THE  SELECTION  OP  OPTIMUM  CONDITIONS  FOR  EXPERIMENTS. 

Kenneth  G  Oldham,  Amersham  International,  Cardiff,  Wales. 

Receptor-’Stlmulated  phospholipase  C-mediated  hydrolysis  of  Ptdlns  4,S-p2  results  in  the  forma¬ 
tion  of  two  second  messengers:  dlacylglycerol,  which  exerts  its  effect  by  activating  protein  kinase 
C;  and  Ins(l.4,5)P  which  acts  by  mobilising  calcium  from  cellular  stores.  Trltlated  myo-inositol 
la  increasingly  bein^  used  in  a  highly  sensitive  new  assay  for  receptor  activation  which  is  based 
on  the  ability  of  Li  to  inhibit  the  enzymatic  dephosphorylation  of  Xns.I-P.  This  Inhibition 
prevents  recycling  of  the  inositol  and  results  in  the  accumulation  of  [  n}inosltoI  phosphates  which 
can  easily  be  separated  from  the  neutral  inositol  by  Ion-exchange  chromatography.  Only  very  low 
conversions  (O.lt  or  leas)  to  inositol  phosphates  are  commonplace  and  there  Is  much  interest  in 
methods  of  increasing  both  the  sensitivity  and  the  amount  of  activity  incorporated  in  such  experi¬ 
ments.  These  attempts  have  often  involved  the  use  of  high  specific  activity  (^H]inositol  and 
special  inositol-depleted  culture  media.  It  will  be  shown  that  in  this  application  high  sensiti¬ 
vity  does  not  automatically  result  from  the  use  of  high  specific  activity  labelled  substrates  but 
is  best  obtained  by  careful  experimental  design  particularly  in  relation  to  the  use  of  procedures 
aimed  at  minimising  blanks,  and  to  the  use  of  high  radioactive  concentrations. 


252  LPS  INDUCES  FORMATION  OF  MYOINOSITOL  TRISPHOSPHATE  (IP3)  IN  MURINE  PERITONEAL  MACROPHAGES, 
V.  Prplc*.  J.E.  Weiel'*',  S.O.  Sonierp,  B.  Herman*,  and  D.O.  Adams'*'*.  Depts.  of  '*Pathology  and 
*Nicrobiolo9y-Impnuno1o9y.  OUMC,  Durham,  N.C,  and  *Dept,  of  Anatomy,  UHC,  Chapel  Hill,  N.C. 

LPS  1s  a  potent  signal  for  macrophages  but  the  mechanisms  of  signal  transduction  by  which  It  acts 
are  not  known.  Treatment  of  murine  peritoneal  macrophages  with  LPS  (lOpg/ml)  produced  a  rapid  and 
substantial  (85X)  Increase  In  IP3  at  10  sec.  The  Increased  level  peaked  at  1  min  and  was  sustained 
for  S  min.  The  Increase  In  IP3  was  dose-dependent  and  observable  with  doses  of  LPS  as  low  as  1 
ng/ml.  Lipid  A,  the  active  moiety  of  LPS,  mimicked  the  effect  of  LPS  on  IP3  generation  with  similar 
dose-dependency,  but  with  a  more  transient  time  course.  Lipid  A  (lOpg/ml)  moblllted  Intracellular 
Ca'*^  In  Quin  2-1oaded  macrophages.  This  effect  peaked  at  30-45  sec,  rising  from  approximately  200 
nM  basal  to  approximately  400  nH  stimulated  level.  Macrophages  loaded  with  Fura  2  showed  a  larger 
magnitude  of  Increase  In  cytosolic  calcium  when  stimulated  with  Lipid  A  (lOpg/ml)  rising  from  90  nM 
basal  to  336  nM  at  30  sec.  Stimulation  of  macrophages  by  these  agonists  shows.  In  addition  to  I- 
:.3.*-P3.  the  formation  of  another  Isomer  of  IP3  whose  phosphate  position  Is  unknown,  as  a 
degradative  pathway  of  1-1,4, 5-^.  Either  LPS  or  Lipid  A,  when  added  to  macrophages  prelabeled  to  a 
high  specific  activity  with  Hg^POg,  can  stimulate  the  enhanced  phosphorylation  of  protein  species 
at  103,  67,  33,  and  28  kO  minimally  detectable  at  15  min.  Previous  observations  have  shown  that  PHA 
can  also  Induce  the  enhanced  phosphorylation  of  the  macrophage  proteins  at  67,  33,  and  28  kO, 
suggesting  a  role  for  protein  kinase  C  In  this  process.  Taken  together,  the  data  Indicate  one 
mechanism,  by  which  LPS  stimulates  macrophages,  is  the  breakdown  of  polyphosphoinositides. 


253  MUSCARIME-STIMULATED  INOSITOL  TRISPUOSPHATE  FORMATION  AND  CALCIUM  MOBILIZATION  IN  PC12 

CELLS,  C,S,  Ra.be,  •E,  DeLorae  and  F.F.  Weight,  NIAAA,  Rockville,  MD  206^2  and  *Dept. 
Pbamacol.,  Georgetown  U. ,  Washington,  DC  2000T 

Die  neurosecretory  cell  line,  was  used  to  examine  the  effect  of  muscarine  on  inositol  trls>- 

phosphate  (IP^)  and  intracellular  Ca^,  levels,  IP^  was  assayed  as  described  by  Berridge 

et  al.  (Blocbem  J«  212:^73 «  19d3)  and  [ca^)^  was  measured  using  Quin  2  as  described  by  Tslen  et  al. 
TSature  295:68  1982) .  Exposure  of  PC12  cells  to  muscarine  produced  rapid  Increases  in  both  cellular 
IFj  and  TCa^^lj^ •  Maximal  increases  in  both  phenomena  were  observed  within  30  sec  and  levels  remained 
elevated  for  several  min.  ^reahold  stimulation  of  IP^  and  occurred  between  1  and  10  uM  mus¬ 

carine  and  both  events  increased  with  concentration  through  3  mM,  Both  the  increase  in  IP3  and 
ICa^]^  obtained  at  300  uM  muscarine  were  totally  inhibited  by  atropine  (100  nM)  but  were  unaffected 
by  curare  (10  uM).  Neither  the  l^rease  in  IP^  or  ICa^l^^  was  affected  by  nifedipine  (1  uM),  an 
inhibitor  of  voltage-dependent  Ca^  Influx,  suggesting  that  elevation  of  ICa^lj^  was  not  due  to  Ca^”** 
Influx  through  voltage-activated  Ca^  channels.  In  addition,  elevation  of  extracellular  K***  to  a  con¬ 
centration  which  produced  a  co^arable  Increase  in  (measured  with  Qiin  2}  as  that  seen  with 

300  uM  muscarine  caused  a  tripling  of  ^^Ca^  uptake  into  the  PC12  cells,  whereas  3  00  uN  muscarine 
proceed  no  detectable  increase  in  ^^Ca^  uptake.  Ibese  observations  suggest  that  the  Increased 
ICa^l^  observed  upon  stimulation  of  the  cells  with  muscarine  may  be  due  to  mobilization  of  from 

an  intracellular  site.  However,  the  ability  of  muscarine  to  elevate  IP^  and  ICa^l^  were  partially 
dependent  on  the  presence  of  extracellular  Ca^'*‘.  Incubation  of  the  cells  in  Ca^^-free  medium  reduced 
both  the  basal  and  muscarine-stimulated  levels  of  IP^  and  (Ca^Ij^.  Thus,  extracellular  modu¬ 

late  the  level  of  [Ca^*!.  and  in  turn  modulate  the  ability  of  muscarine  to  elevate  IP^  and  ICa^l^^. 


254  TWO  FORMS  OF  PHOSPHATIDYLIMOSITOL-SPECIFIC  PHOSPHOLIPASE  C  FROM  BOVINE  BRAIN:  PROTEIN 

KINASE  C  PHOSPHORYLATES  IWE  145KDa  POLYPEPTIDE. 

Geo  Rhae*,  Key  Seung  Cho*,  Kee-Young  Lee*,  Sung  Ho  Ryu*  and  Kuo-Ping  Huang** 

*Led3oratory  of  Biochemistry,  NHLBI,  **Endocrinology  and  Reproduction  Branch,  NICKHD 

Phosphatidylinositol-specific  phospholipase  C  (PLC)  plays  a  crucial  role  in  initiating  the  surface 
receptor  mediated  signal  transduction  by  generating  two  second  messenger  molecules,  diacylglycerol 
and  inositol  l,4,S*tripho8phate. 

We  resolved  tvo  forms  of  bovine  brain  enzymes,  PLC*I  and  PLC**II  on  a  HPLC-^DEAE  colwnn  and  purified 
PLC-'II  near  homogeneity.  Upon  analysis  of  PLC-II  on  SDS'PAGE,  a  single  band  of  Hr*I45,000  was 
observed.  When  the  same  sample  was  subjected  to  native  gradient  polyacrylamide  gel,  four  bands,  one 
major  band  of  Mr*200,000  and  three  minor  bands  with  Mr  corresponding  to  different  oligoineric  states 
of  the  200KDa  protein,  were  visible.  western  blot  experiments  using  anti-PLC-II  antibody  indicated 
that  PLC*!  might  be  derived  from  PLC-II  by  proteolytic  cleavage.  Multiple  forms  of  brain  PLC 
enzymes  described  in  literature  might  be  therefore,  attributed  to  the  oligomerization  and  proteolysis 
of  PLC-It.  PLC-I  and  PLC-*II  hydrolyzed  both  phosphatidylinositol  (PI)  and  phosphatidylinositol  4,5- 
diphosphate  (PIP2) .  Both  activities  were  stimulated  by  Ca^-^.  However,  the  presence  of  was 

not  an  absolute  requirement  for  the  hydrolysis  of  PIP^  while  PI  hydrolysis  at  neutral  pH  required 
Ca+'*‘. 

Protein  kinase  C  phosphorylates  PLC-II  in  a  Ca*"*-  and  phospholipid  dependent  manner.  The  physio¬ 
logical  meaning  of  this  phosphorylation  is  not  known  yet. 


IN3<EASS3  P06T-RBCEPIGR  RESPONSE  AS  A  ME!C»ANI94  PGR  INCREASING  ADRQ4BIGIC 
SENSITIVITY:  THE  EFFECT  OF  ESTROG04  CN  ALWA-l  R«)IATH)  INDSITOL  TRIPHD6FHAIE  HCDUCTION  IN 
UIERINE  SMDOTH  MUSCXE  R,  Kirk  Rieroer,  Alan  Goldfien,  and  James  M.  Roberts,  Reproductive 
EMocrinology  Center,  University  of  California,  San  Francisco,  CA  94143 

Estrogen  increases  alpKa-1  adrenergic  sensitivity  fOi-  rabbit  uterine  contraction 
independent  of  effects  <x)  al{^a-l  receptor  concentration.  Muscarinic  cholinergic  sensitivity 
and  receptor  concentration  is  unaffected  by  estrogen  treatment.  We  asked  whether  the 
post-receptor  response  to  alpha-1  adrenergic  stinulation,  inositol  triphosphate  (IP3) 
production,  was  increased  by  estrogen.  Since  nuscarinic  stinulation  is  also  coupled  to  IP3 
production  in  rabbit  uteius,  we  conpared  the  effects  of  estrogen  on  both  adrenergic  and 
cholinergic  mediated  IP3  production.  Tritiated  nyoinositol  was  used  to  label  the 
(^tosphat  idyl  inositol  pool  in  minced  uterine  tissue.  We  found  that  estrogen  increased  maximal 
IP3  production  in  response  to  100  \M  norepinephrine  from  138^11  to  264+19  percent  of  control, 
P<0.05  <n  =  6,  11,  ovariectonized  control  and  estrogen  treated,  respectively).  Cholinergic 
response  to  1  nM  carbachol  was  not  changed  by  estrogen  treatment:  195^17  to  147+11  percent  of 
control,  P>0.05  (n  =  4,  9).  No  affect  of  estrogen  on  the  uterine  sensitivity  for  this  response 
was  observed..  These  remits  demonstrate  that  increased  1?3  production  accenpanies  the 
estrogen- induced  increase  in  adrenergic  sensitivity.  Thus,  er^ianced  post-receptor  response 
correlates  with  increased  sensitivity  for  physiologic  response.  The  lack  of  a  similar  effect 
on  cholinergic  uterine  1P3  and  contractile  response  demonstrates  that  the  1P3  response 
mediated  by  different  receptors  can  be  independently  modified  by  a  nuclear  active  hormone. 


VASCULAR  PHOSPHOINOSITIOE-SPECIFIC  PHOSPHOLIPASE  C‘S:  MODULATION  OF  ACTIVITY  BY  GUANINE 
NUCLEOTIDES,  CALCIUM  ANO  MAGNESIUM.  6.  L.  Roth  and  E.  A.  Suba.  Nava?  Medical  Research  Institute. 
Bethesda,  MO  20814-5055. 

We  previously  demonstrated  that  rat  aortic  5HT2»  aj-adrenergic,  and  PGF2a  receptors  activate 
phosphoinositide  (PI)  hydrolysis  in  rat  aorta.  We  also  showed  that  a  phospholipase  C  inhibitor 
(NCDC)  and  phorbol  esters  attenuate  both  receptor-stimulated  PI  hydrolysis  and  rat  arotic 
contraction,  and  suggested  a  coupling  between  receptors  that  mediate  vasoconstriction  and 
phospholipase  C.  Here  we  characterized  aortic  phospholipase  C  activities.  Homogenates  and  membranes 
were  prepared  in  Tris-maleate  buffer  (pH*6.80)  and  incubated  with  exogenous  [^H]-phosphdtidylinos1tol 
(PL)  and  [^Hj-phosphatidylinositol-A, 5-biphosphate  (PIP2).  Activity  for  both  substrates  was 
increased  by  CaCl2  dnd  abolished  by  EGTA  (1  n#1),  although  the  PL-specific  phospholipase  C  was 
activated  to  a  greater  extent  by  yM  Ca++.  Both  activities  were  inhibited  by  nM  Mg++.  The 
PIP2-specific  activity  was  increased  by  6pp(NH)p  and  GTPyS,  and  to  a  lesser  extent  by  GTP.  Guanine 
nucleotide-stimulated  activity  showed  an  absolute  requirement  for  Ca++.  The  PL-specific  activity  was 
not  altered  by  guanine  nucleotides.  These  results  suggest  that  two  Pl-specific  phospholipase  Cs 
exist  in  vascular  tissue.  Both  may  be  activated  by  Ca++  and  inhibited  by  Mg++.  Only  the 
PIP2-spec1fic  enzyme  is  coupled  to  a  guanine  nucleotide  regulatory  protein  as  prevTously  predicted 
(Chernow  and  Roth,  Circ  Shock  18:141-155,  1986).  This  work  was  supported  by  Naval  Medical  Research 
and  Development  Command  Work  Unit  No.  M0095.01.1032  and  HR04120.05. 


257  IfWIBITION  BY  PHORBOL  ESTERS  OF  AW^I-I^tUNOGaiOBULIN  INDUCED  CALCIUM  SIGNALLING  AND  B  rF.I.T. 

ACTIVATICM^.  Hi  Rothstein,  DL  Rolber,  ER  Simons  and  TR  Baeker.  Departments  of  Medicine,  Microbiology 
and  Biochemistry,  Boston  University  Medical  Center,  Bostcm,  MA  02118. 

Phoibol  esters  inhibit  B  cell  proliferation  induced  through  interaction  with  surface 
iimunoglobulii),  although  f^rbol  esters  co-stimulate  B  cells  with  calciim  ioncphore.  The  inhibitory 
effect  of  phorbol  dibutyrate  (PDB)  on  B  cell  stinulation  was  evaluated  using  a  model  in  which  activa¬ 
tion  is  induced  by  modest  doses  of  anti- immunoglobulin  antibody  (anti-Ig)  and  progression  to  DNA 
synthesis  is  induced  by  cytochalasin  (J  Imoinol  135:106;  136:813).  PDB  preferentially  inhibited 
euiti-Ig  induced  activation  and  d^  so  during  brief  (2  hour)  preincubation  with  anti-Ig.  Activation 
was  inhibited  v4iether  PDB  was  added  before,  or  slVDrtly  after,  anti-Ig.  Since  activation  for  c^-to- 
chaiasin  responsiveness  ^;pears  to  be  mediated  by  Ca-f^^  (J  Imnunol  136:749),  the  effect  of  PIS  on  the 
anti-Ig  induced  rise  in  intracellular  Ca-«"^  was  evaluated  (using  the  Ca+4  sensitive  fluorescent  dye, 
Indo-IAM).  PDB  (and  other  phcorbol  esters  that  activate  protein  )unase  C)  inhibited  the  rise  in  Ca++ 
normally  associated  with  anti-Ig  treatment;  moreover,  PDB  reversed  an  established  anti-Ig  induced 
Ca++  response.  These  data  suggest  that  phwrbol  esters  inhibit  B  cell  activation  by  interferring 
with  the  elevated  levels  of  intracellular  Ca++  produced  by  cross -lin)cing  of  surface  immunoglobulin 
by  anti-Ig,  This  could  represent  a  "feedback  inhibition"  type  of  response  but  it  renains  to  be  seen 
if  this  occurs  under  physiological  conditions  of  protein  kinase  C  activation. 


2+ 

INVOLVEMENT  OF  Ca  AND  CALMODULIN  IN  MORPHOGENESIS  OF  Candida  albicans 
Blpasha  Gupta  Roy  and  Asia  Datta,  Jawaharlal  Nehru  University,  Nev  Delhl-110067,  ~"^IA. 

Candida  albicans »  an  opportunistic  human  pathogen,  exists  in  yeast  and  mycelial  forms 
through  an  intermediate  germ  tube.  Investigations  carried  out  in  our  laboratory  demonstrate 
that  though  N-acetylglucosamlne  can  Induce  germ  tube  as  well  as  N-acetylglucosamine  cata¬ 
bolic  enzymes,  these  are  mutually  exclusive  events.  The  germ  tube  formation  can  be  stopped 
by  Inhibitors  of  calmodulin,  e.g.  trlf uoperazine  (TFP)  and  compound  48/80.  Furthermore, 
lonophore  which  opens  up  ion  channels  In^j^lologlcal  membrane  also  inhibits  the  germ  tube 
formation  and  thla  can  be  reversed  by  Ca  .  This  result  suggests  the  involvement  of  the 
calcium  binding  protein,  calmodulin,  in  morphogenesis  of  Candida  albicans.  Further  investi¬ 
gations  into  the  molecular  mechanisms  involved  in  germination  induced  by  N-acetylglucosamlnc 
revealed  that  there  is  a  progressive  increase  in  the  rate  of  protein  phosphorylation. 
However,  TFP  brought  back  the  rate  almost  to  yeast  phase  level  by  also  inhibiting  the  rate 
of  protein  phosphorylation.  An  increase  in  protein  phosphorylation  which  was  inhibited  by 
TFP  was  also  observed  during  germination  with  the  other  inducers.  Our  observations  indicate 
that  the  action  of  calmodulin  in  germination  is  possibly  exerted  via  calmodulin  modulated 
protein  phosphorylation. 


r 


259  IMPAIRED  FHOSPHOINOSITIDE-MEDIATEO  SICNALIMG  HI  HEPATOCYTES  OF  CONTINUOUSLY  ENDOTOXEMIC 

RATS:  PARTIAL  SIMULATION  OF  THE  EFFECT  BY  A  PHORBOL  ESTER.  J.A.  Spltier  and  E.R.  deTurco 
Loulalana  State  Univ.  Med.  Ctr.,  New  Orleans,  LA. 

Rats  were  Infused  l.v.  with  a  non-lethal  dose  (0.1  ng/lOOg  body  wt./day)  of  E.  coll  endotoxin  (ET) 
or  saline  via  Inplanted  osmotic  alnlptimps  (Fish,  R.E.  A  Spltzer,  J.A.  Clrc.  Shock  l^j  135-1A9,  1984). 
After  30h  of  continuous  Infusion  hepatocytes  were  Isolated,  labelled  In  vitro  with  P  and  Che  status 
of  basal  and  vasopressin  (VP)-stlmulated  phospholnosltlde  turnover  assessed.  In  cells  of  ET-lnfused 
rats,  the  early  response  to  VP  stimulation  (within  30  sec)  In  terms  of  phosphatidyl  Inositol  4,5- 
blsphosphate  (PIP,)  and  phosphatidyl  lnositol-4phosphate  (PIP)  breakdown  was  Inhibited  by  40T  as  com¬ 
pared  to  sallne-lnfused  controls.  Subsequent  resynthesis  of  PIP2  and  PIP  was  also  Impaired,  The 
ability  of  VP  to  stimulate  ^^P  Incorporation  into  phosphatidyl  Inositol  (PI)  was  markedly  depressed 
from  160  to  130*.  This  endocoxemla-lnduced  perturbation  In  phospholnosltlde  metabolism  elicitjj  by 
the  activation  of  VP  receptors  Is  associated  with  concomitant  impairment  In  cytosolic  free  [Ca  ]  and 
glycogen  phosphorylase  a  activation  (Deacluc,  I.V.  and  Spltser,  J.A,,  Am.  J.  Physiol,  In  press).  In¬ 
fusion  l.v.  of  the  phorbol  ester  TPA  via  the  implanted  pump  (240  nmoles  Into  a  360g  rat  over  30h)  re¬ 
sulted  In  similar  Impairment  of  Che  VP-associaced  PIP,  and  PIP  degradation  and  resynthesls  as  observed 
due  to  ET-lnfuslon.  The  results  support  the  concept  that  some  of  the  pathophysiologic  effects  ob¬ 
served  in  endoCoxemla  nay  be  brought  about  in  part  through  activation  of  protein  kinase  C.  (Supported 
by  NIH  grants  GM32634  and  GH30312). 


THE  INOSITOL  TRIS/TETRAKIS  PATHWAY  IN  GUINEA-PIS  HEPATOCYTES.  X.A.  Tennes  and  J.H. 
Putney,  Jr.,  Division  of  Cellular  Pharmacology,  Medical  College  of  Virginia,  Virginia 
Commonwealth  University  Richmond,  Virginia  23298, 

Inoaltol(I,4,S)trlsphosphat^3-klnaae  activity  was  Identified  In  permeablllted  guinea-pig  hepa¬ 
tocytes,  The  conversion  of  ['hJ (l,4,S)IP3  to  t^l (1,3,4, 5)IP4  occurred  rapidly  and  was  detected 
as  early  as  5  sec,  whereas  a  significant  Increase  In  ('h1 (l,3,4)IPj  occurred  only  after  a  definite 
lag  period.  Incubation  of  permeablllsed  hepatocytes  with  t"P) (1,3,4, 5)IP4  resulted  In  the 
forutlon  of  (^^P)  (1,3,4)IP3,  no  [^^Pl(l,4,S)IP3  was  produced.  The  half-time  of  hydrolysis  of 
t^^P] (1,3,4, 3)IP4  of  approximately  1  min  waa  Increased  to  3  min  by  2,3  blsphoaphoglycerlc  acid. 
Similarly,  the  rate  of  production  of  [MpI(l,3,4)lP3  from  the  l^^Pltetraklsphosphate  waa  reduced 
by  2,3  blsphoaphoglycerlc  acid.  In  the  absence  of  ATP  there  was  no  conversion  of  [^) (1,4,5)IP3 
to  [3H1  (1,3,4, S)IPa  or  (1,3,4)IP3,  which  eliminates  the  possibility  that  the  [^]  (l,3,4)lsoner 
occurs  as  a  result  of  Isomerization  of  {%)(!, 4, S)IF3.  The  results  of  this  study  demonstrate 
that  the  origin  of  the  (l,3,4)laoaer  of  Inositol  trlspbosphate  In  Isolated  hepatocytes  Is  IP4 
and  that  (1,4,5)1P3  Is  rapidly  converted  to  this  tetraklsphosphate.  The  ability  of  2,3 
blsphoaphoglycerlc  acid,  an  Inhibitor  of  S'-pbospbomonoeaterase,  to  Inhibit  the  breakdown  of 
(1,3,4,5)IPa  suggests  that  the  enzyme  which  removes  the  5'-phosphate  from  (1,4,5)IP3  also  acts  to 
convert  the  tetraklsphosphate  to  (1,3,4)IP3,  It  Is  not  known  If  the  role  of  the  (l,4,5)IP3-klnase 
la  solely  to  remove  (1,4,S)IP3  or  whether  It  also  produces  second  messengers.  (Supported  by  NIH 
grant  lAM-32823). 


261  GTP-DEPENDEHT  ACTIVATION  OF  THE  INS (1, 4 , 5)  Pj -SENSITIVE  CALCIUM  RELEASE 

SYSTEM  IN  PERMEABILIZED  HEPATOCYTES.  Andrew  P.  Thoisns.  Department  of  Pathology, 
Thomas  Jefferson  University,  Philadelphia,  Pa  19107. 

Hepatocytes  were  pemeabilized  using  digitonin  in  a  medium  containing  Quin2  to 
simultaneously  buffer  and  monitor  the  free  Ca^*  concentration.  After  a  steady-state 
level  of  Ca^'*'  uptake  had  been  achieved  in  the  presence  of  ATP,  the  addition  of  1.5  uM 
Ins(l, 4, 5)P3  caused  a  maximal  release  of  about  30%  of  the  sequestered  Ca^"^.  The 
remaining  Ca^'*'  could  all  be  released  by  ionomycin.  Pretreatment  of  the  permeabillzM 
cells  with  GTP  (50  uM)  for  3  min  resulted  in  a  2-fold  increase  in  the  amount  of  Ca*"^ 
released  by  Ins (1,4, SIP-  with  an  equivalent  decrease  in  the  residual  ionomycin- 
releasable  ca^"*"  pool.  GTP  alone  did  not  cause  any  Ca**  release  and  did  not  alter 
steady-state  Ca^^  uptake.  The  potentiation  of  InB(l,4,5)P-j-lnducad  Ca‘  release  by 
GTP  was  half-maximal  at  5uM  and  maximal  at  50uM  GTP  and  did  not  involve  a  shift  in 
the  sensitivity  to  Ins(l,4,5)P3.  Non-hydrolyzable  GTP  analogues  such  as  GTP-lf-S  had 
no  effect  on  Ca^^  release  by  Ins ( 1,4, 5) P,  but  were  potent  in  blocking  the  effects  of 
GTP.  Experiments  using  vanadate  to  inhibit  the  ATP-driven  Ca^*  uptake  pump  indicated 
that  GTP  acta  directly  on  the  Ca^'*’  release  system.  Although  GTP  did  not  cause  Ca^'^ 
release  in  the  absence  of  Ins (1,4, 5) P,  under  normal  conditions,  it  was  found  that  GTP 
alone  could  cause  substantial  Ca'^  release  in  pemeabilized  hepatocytes  which  had 
been  washed  to  remove  cytosolic  and  loosely  associated  membrane  components.  The  data 
presented  here  demonstrate  the  existence  of  a  multicomponent  system  capable  of 
modulating  the  Ca'*  mobilization  response  to  the  second  messenger  Ins(l,4,5)P3. 
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CALCIUM  REGULATION  IN  BOVINE  SPERMATOZOA.  SrlnlvaMn  Vijayarsghavaa,  David  TTiebwasser 
and  Dale  0.  Hoakins.  Oregon  Regional  Primate  Reaearch  Center.  Beaverton,  OR  97006. 

Mammalian  sperm  acquire  the  capacity  for  motility  during  their  passage  through  the  epididymis. 
While  intracellular  levels  of  cyclic  A^  are  elevated  during  epididymal  maturation  of  bovine 
sperm,  the  ability  of  sperm  to  accumulate  calcium  declined  during  maturation.  The  present  study 
was  undertaken  to  examine  aspects  of  regulation  of  intracellular  calcium  in  bovine  sperm.  First, 
using  the  intracellular  calcium  indicator  Quin  2  we  measured  cytoplasmic  calcium  levels  in  bovine 
caudal  sperm.  Vlhen  sperm  were  loaded  with  Quin  2  in  the  absence  or  presence  of  external  calcium 
the  levels  were  62.5  +  6.3  oH  (n-25)  and  188.8  +  18.8  nM  (n”16),  respectively.  Also,  when  sperm 
were  loaded  with  Quin  2  in  the  presence  of  calcium  and  the  mitochondrial  uncoupler  CCCP  the 
levels  of  calcium  were  55.5  >  2.6  nM  (n"13).  These  results,  along  with  those  using  65ra2+, 
suggested  that  calcium  uptake  in  bovine  sperm  occurred  only  at  the  midpiece  of  the  cell.  Secondly, 
we  examined  the  effects  of  bovine  seminal  plasma  (BSP)  and  caudal  epididymal  fluid  (CF)  on  calcium 
(^Ica^'^)  uptake  in  immature  caput  spermatozoa.  BSP  is  known  to  contain  a  protein,  caltrin,  that 
inhibits  calcium  uptake  in  nature  caudal  sperm.  iHsature  caput  sperm,  however,  showed  a  biphasic 
response  to  BSP  -  a  stimulation  at  1  min  and  a  subsequent  inhibition  of  calcium  uptake.  Pre- 
incubation  with  BSP  or  CF  eliminated  the  biphaaic  reaponse  and  CF  by  itself  stimulated  calcium 
uptake  in  caput  sperm,  suggesting  the  presence  of  a  faccor(s)  in  these  fluids  that  affects 
calcium  uptake  in  iBsture  caput  sperm.  Studies  on  the  nature  of  the  factor(s)  would  be  useful 
in  confirming  the  hypothesis  that  bovine  sperm  possess  a  unique  mid-piece  calcium  regulatory 
mechanism.  Supported  by  NIH  grant  HD18737. 


263  CHARACTERIZATION  OF  cAMP-REGULATED ,  CALCIOM/CALMODULIN-REGULATED  AND  CALCIUM 

PHOSPHOLIPID-REGULATED  PROTEIN  PHOSPHORYLATICX)  SYSTEMS  IN  RAT  SARCOLEMMA. 
Walaas.  S.I.  (1,2)  and  R.S.  Horn  (1),  (1)  Institute  of  Medical  Biochemistry,  Univer- 
sity  of  Oslo,  0317  Oslo,  Norway,  and  (2)  Laboratory  of  Molecular  and  Cellular  Neuro¬ 
science,  The  Rockefeller  University,  Hew  York,  NY  10021. 

Relatively  little  Is  known  about  the  properties  of  protein  phosphorylation  systems 
in  skeletal  muscle  sarcolenma .  Me  have  therefore  characterized  possible  endogenous 
phosphoprotelns  In  rat  skeletal  muscle  sarcolemma .  Purified  sarcolemma  has  been  phos- 
phorylated  In  vitro  with  either  cAMP-,  cGMP-,  calclum/calmodulln-  or  calciumAphospho- 
llpld-dependent  protein  kinase,  and  the  resulting  phosphoprotelns  have  been  analyzed 
by  various  techniques.  A  minimum  of  30  distinct  phosphoprotelns  could  be  seen  In  these 
preparations,  more  than  20  of  which  could  be  phosphorylated  by  cAMP-dependent  protein 
kinase,  and  4  of  which  also  could  be  phosphorylated  by  calclum/phosphollpld-dependent 
protein  kinase.  In  contrast,  cGMP  and  calclum/calmodulln-dependent  protein  kinases 
catalyzed  phosphorylation  of  only  a  few  proteins.  The  majority  of  sarcolemna  proteins 
phosphorylated  by  cAMP-  or  calclum/phosphollpld-dependent  protein  kinase  appeared  to 
represent  Integral  membrane  proteins,  being  soluble  In  nonlonlc  detergents.  In  con¬ 
trast,  only  one  IS  kilo  dalton  phosphoproteln  behaved  as  a  proteollpld,  being  soluble 
In  acidified  chloroform:  methanol.  This  15  kOa  proteollpld  may  be  a  target  for  multi¬ 
ple  receptor-regulated  second  messenger  systems  in  the  sarcolemma  (see  abstract  by 
Halaas,  0.  et  al.,  this  meeting).  He  thank  drs.  K.A.  Albert  and  A.C.  Nairn,  The 
Rockefeller  University  for  the  gift  of  purified  protein  kinases. 


264  HULTISITE  PHOSPHORYLATION  OF  A  15  KILODALTON  SAR(»LEMMA  PROTEOLIPID,  CATA¬ 
LYZED  BY  cAMP-DEPENDENT  AND  CALCIUM/PROSPHOLIPID-DEPENDENT  PROTEIN  KINASE. 
Halaas,  0.  (1,2),  Horn,  R.S.  (1)  6uid  Halaas,  S.l.  (1,3),  (1)  Institute  of  Medical 
BlochesUstry,  University  of  Oslo,  0317  Oslo,  Norway,  (2)  California  Metabolic 
Research  Foundation,  La  Jolla,  California  92038,  and  (3)  Laboratory  of  Molecular  and 
Cellular  Neuroscience,  The  Rockefeller  University,  New  York,  NY  10021. 

Rat  sarcolessna  contains  a  major  15  kDa  proteollpld  which  can  be  phosphorylated  in 
vitro  both  by  cAMP-  and  calclusi/phosphollpld-dependent  protein  kinases  (see  abstract 
by  S.I.  Halaas  and  R.S.  Horn,  this  meeting).  The  present  study  has  characterized  the 
phosphorylation  of  this  proteollpld  In  more  detail.  Rat  skeletal  muscle  sarcolemma 
has  been  phosphorylated  with  cAMP-  and  calclum/phosphollpld-dependent  protein  kinases, 
aliquots  have  )>een  lyophllized  and  extracted  with  acidic  chloroform:  methanol,  and 
the  j^osphoprotelns  have  been  analyzed  with  a  variety  of  techniques.  Our  results  show 
that  both  the  sarcolemma- localized  and  the  extracted  15  kDa  phosphoproteln  could  be 
electrofocused  In  urea-containing  gels,  with  an  apparent  pi  of  5.9.  Thermolytlc 
digests  showed  a  mlnlsium  of  two  phosphorylation  sites  In  the  protein,  which  were  In¬ 
dependently  phosphorylated  on  serine  residues  l>y  cAMP-  and  calclum/phosphollpld- 
dependent  protein  kinases,  respectively.  This  sarcolesmia  proteollpld  may  thus  be  a 
target  for  distinct  protein  phosplwrylatlon  systesw  In  Intact  skeletal  muscle. 

He  tliank  drs.  K.A.  Alliert  and  A.C.  Nairn,  The  Rockefeller  (University,  for  the  gift 
of  purified  protein  kinases. 
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GUAMYL-MUCLEOTIDB  INDUCED  LEYDIC  CELL  MEMBRANE  PHOSPHORYLATION  A  CALCIim  DEPENDENT 
EVENT:  IMPLICATIONS  FOR  HORMONE  ACTIVATED  ADENYLATE  CYCLASE  Chrl«tlng  Wlnfrs  and 
Maria  L.  Oufau.  Mol.  Endo.  Sactlon.  ERRB»  NICND.  NIH,  Batheada,  MD  20892 
Rapid  aaabrana  avanta  in  tha  gonadotropin  activated  La^^jig  call  includa  GTP<-inducad  phoaphory- 
lation  of  a  44 ■ 500  Mr  protain.  This  phoaphorylati<^  ia  Ca  nodulatad,  being  incraaaad  at  low  (nM) 
but  i^ibitad  at  high  (uM)  concentration  of  free  Ca  •  Adenylate  cyclaa^^ctivity  ia  alao  affected 
by  Ca  in  a  ainilar  blphaaic  nannar.  At  aubnaxlMl  lavala  of  OTP  (10  M),  LH  increaaaa  nanbrane 
phoaphory lation  by  30X  over  control  lavala.  Thia  event  la  cAMP  Independent,  and  ia  alao  induced 
by  tha  phoapholipida,  phoaphatidylaarine  (PS)  and  phoaphatidylinoalcol  (PI)  and  ia  enhanced  by  Ca 
but  not  tha  addition  of  diacylglycerola  or  phorbol  aatera.^^Phoaphoaninoacid  analyaia  denonatratad 
an  incraaaa  in  '’^P  incorporation  in  phoaphoaerine.  The  Ca  affacta  on  adenylate  cyclaaa  activity 
are  aaaociatad  with  changaa  in  tha  nuaA>ar  of  anay*a  unite  activated  by  tha  bor*ona  with  no  changaa 
in  tha  apparent  affinity,  aa  reflected  in  ^i^a  ED.q^  and  IC.^  of  activation  and  Inactivation  by  the 
horaone.  Theaa  reaulta  indicate  that  a  Ca  depenoent  kinaaa  ayataa  axiata  in  the  purified  Laydig 
cell  aeabranc.  ^a  aolecular  weight  of  tha  aubatrata.  the  nucleotide  requireaent,  and  the  aiailar 
Bodulation  by  Ca  of  cyclaaa  and  phoaphorylation,  auggeat  that  theaa  avanta  could  influence  tha 
horaonal  dependent  aubunlt-^adiated  Intaractiona  in  tha  plaaaa  aeabrana. 


266  MIKianTEe-fiBQDUOX)  CBOaOPOXCN  OF  Btxaasss  ACOES  mSFHOINCSXnreS  EK  MEMB»HES 

AHD  cnOSOL  R.J.H.  M.A.  MUlao*,  D.  Bojanic,  L.S.  Bndim  and 

J.N.  Fain,  Oaixartaent  of  BladMBistty,  Chlvazait^-  -yC  Tamaaaaa,  Ma^phls;  Heaiftla,  IM  38163 

Ha  hawa  aataalnad,  tha  phaaihallpaaa  C  activities  of  seafaianas  and  cytosol  pxm  a  variety  of 
tissues  using  [^H]tiboa|ihatldyllnositol  4,S-bl8phosFhate  (^-PIP2) ,  (^] -phosphatidyl- 
inositol  4-phosphats  (^H-PIP)  and  C^H]-phosphatidylinQsitol  (^PI).  OU  call  snteana 
preparations  degrviBd  ^PIPo  and  %-PlP  at  sfailler  rates.  Degradation  of  ^PI  tas  ash 
leas  tepid.  Dea  aster  aolvnla  products  of  these  reactions  wars  iiDsitol  1,4,5-triephosphate, 
Inoai^  l,4-toi«hasi)liats  and  inositol  ifho^hata  reapsctivaly.  Hydrolysis  of 
not  ^PIP  or  %-PI  uas  stimOatad  tv  OTP,  OIPyb  and  (ESsn  -  S-lOuM).  othnr  nuclao- 

tidas,  a.g.  ApiMt),  also  stlmlatad  ^PIP2  tssetaiciun.  Ap|M|>  am  GtgMf  vara  aquipotant  and 
produf^  the  saaa  daqrss  of  amctsal  stiulatlon  (160|  of  control).  In  oonUast  to  isidTranae, 
GHj  cell  cytosol  degraded  ^H-PIPj,  ^H-PIP  and  ^PI  at  siailar  rates.  Aqain,  though, 
only  ^H-PIP2  degradation  was  nuclaotide-sansitivs.  NUcleotlds-stimilatsd  ^PIP2  degrada¬ 
tion  was  alao  seen  in  cytosol  pcaparatlons  frcn  bcsln,  adlpces  tlesua,  platalets  and  liver. 
HAD'*’  (lirit)  inhibltad  basal  ^FIP-  degradation  in  swi.iraf  and  cytosol  pcaparations  froa 
GHj  osUs  and  adipose  tissue  by  60-90t.  this  irhibltion  wes  rsvsoca^  by  either  or  GppMt> 

(lOOuM).  lhaae  data  duw  that  degradation  of  «DOogcncusly  added  ^PIp2  by  a  phaapholipa»  C 
is  regulated  by  mcleotides.  Mather  the  luclartida  effa^  on  phaaphoUpasa  C  a^vity  are 
direct  or  ■edlsM  by  a  discrete  nucleotide-binding  protein  is  cunantly  under  Investigation. 


267  SITE  SELECTIVE  cAHF  ANALOGS  IN  THE  ISGULATION  OF  CELL  PEOLIFERATIOtl  AND  TEARSFORHATION 

T.S.  Cho-Chuogt.T.  Clair*, F.  Ta«ltafacrl*,S.  Ally*,D.  Eet.aroa*  and  R.K.  Robins^; ^National 
Cancer  Inatltuta,  Bethaeda,  HD  20892,  and  'Huclalc  Acid  Eas.Inat.,  ICN  Fhare,  Coata  Haaa,CA  92626. 

Sixteen  alta-salactlTa  cAMF  analoga  ware  uaad  to  atudy  tha  sacbanlaa  of  reToraa  traniformatlon  of 
tba  Ha-Mu-SV  tranafomed  HIH  3T3  clone  13-38-4  colla.  Treatsant  with  coeblnatlona  of  analoga  allowed 
tha  atudy  of :(l)lnwolraaant  of  tha  cAKF  receptor  In  growth  control, (2)  cooperatlvlty  of  Site  1  and 
Slta  2  binding, and  (3)  tha  oae  of  lower  analog  eoncantratlont  with  tho  cosblnatlona  showing  aynarglaa 
of  action.  Thoae  cAHF  analoga  sodlflad  at  aithar  tha  C-8  pealtlon  (Slte-l  aelactlwe)  or  the  C-6 
position  (Slta-2  aaleetlTC)  were  tasted.  The  growth  Inhibitory  potency  for  the  Individual  analogs 
correlated  better  with  their  knoen  K,  for  protoln  klnaso  rathor  than  with  their  known  llpophlllclty 
that  aaasnras  the  ability  of  the  analog  to  penatrsta  the  call  sesbrane.  Both  growth  Inhibition  and 
aorphologlcal  changaa  were  enhancad  synerglatlcally  by  C-6  and  C-B  analog  cosblnatlona ,  Tha  syner¬ 
gies  of  both  proeassas  hy  l|6  analoga  whan  coeblnad  with  S-thlo  derlvatlvaa  far  exceeded  that  by  n6 
analoga  In  coablnatlon  with  S-aalno  derivatives  suggaatlng  a  response  of  tyM  II  protein  kinase. 
Further,  within  a  few  hours  after  cANF  analog  troatasnt,  tha  ratio  of  the  cANP  receptor  pro- 

tolnt  sarkadly  Increased,  especlallF  In  the  cell  nucleus,  and  this  Increase  In  the  ratio  was 

InveraalF  related  to  a  dacraasa  In  p21  protein  axpresalon. 

It  la  concluded  that  tha  observed  synarglse  of  growth  Inhibition  and  phenotypic  revoralon  la  due  to 
the  binding  of  cAMP  analogs  to  both  Intrachaln  altos  of  tha  cAHP  receptor  proteins  and  thus  tha  cAMF 
racaptor  la  aost  llkelF  tha  callnlar  affeetor  aadiatlng  cAHF  regulation  of  the  reverse  tranaforaatlon 
processes . 
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CYC  IC  AHP  AS  A  CO-INOUCER  OF  HQRHONE  OFPFNOENT  GENE  EXPRESSION 
Plotr  Chomczynskl ,  Elisabeth  Bone  and  Leonard  Kohn 
Laboratory  of  Biochemistry  and  Hetabolism  NIDDK,  NIH,  Bethesda,  MO. 

The  Induction  of  thyroglobulln  (Tg)  gene  expression  by  TSH  Is  the  first  example  for  which  cyclic  AMP 
has  been  Implicated  as  the  physiological  mediator  of  the  transcriptional  effects  of  a  hormone.  He  have 
shown  recently,  however,  that  cyclic  AMP  does  not  faithfully  mimic  the  action  of  TSH  In  rat  thyroid 
FRTL-S  cells.  Indicating  a  more  complex  cooperation  between  cyclic  AHP  and  TSH  In  the  activation  of 
the  Tg  gene.  Evidence  Is  presented  here  that  a  similar  cooperation  of  cyclic  AHP  with  TSH  and  Insulin 
Is  observed  In  rat  thyroid  explant  cultures.  Explants  were  cultured  for  6  days  In  TSH  and  Insulin  free 

medium  followed  by  a  2  day  culture  period  In  the  presence  of  appropriate  hormones  and  agents.  The 

effect  of  cyclic  AMP,  TSH  and  Insulin  on  Tg  gene  expression  was  determined  by  Northern  blot  analysis 
of  Tg  mRNA  accumulation.  A  small  Increase  of  Tg  mRNA  accumulation  was  observed  when  cyclic  AMP  or  cho¬ 
lera  toxin  was  added  alone  to  the  culture  medium.  However,  cyclic  AMP  markedly  potentiated  stimulation 

of  Tg  mRNA  by  TSH  or  Insulin.  The  highest  level  of  Tg  mRNA  was  observed  In  explants  exposed  to  both 
TSH  and  Insulin.  Addition  of  cyclic  AMP  to  these  explants  did  not  further  Increase  accumulation  of  Tg 
mRNA.  The  addition  of  phenyl  Isopropyl  adenosine  (an  Inhibitor  of  hormonal  activation  of  adenylate  cyc¬ 
lase)  diminished  TSH-lnsulln  Induced  accumulation  of  Tg  mRNA  by  more  than  SOX.  A  marginal  effect  of 
cyclic  AHP  on  Tg  mRNA  accumulation  In  explants  cultured  without  TSH  and  Insulin  demonstrates  clearly 
that  cyclic  AMP  Is  not  a  sole  mediator  of  TSH  action  In  rat  thyroid  explants,  thus  confirming  our  pre¬ 
vious  results  with  thyroid  FRTL-5  cells.  Presented  results  Indicate  that  cyclic  AMP  acts  as  a  co-lndu- 
cer  of  Tg  gene  expression  by  enhancing  the  transcriptional  signals  of  TSH  and  Insulin. 


KINETICS  OF  EPIOEKMAL  ORONTB  FACTOR  BINDING  AND  PROCESSING  IN  ISOLATED  INTACT  RAT  BEPATO- 
CYTES.  I.P.  Gladhauq  and  T.  Chrlatoffersen.  Department  of  pharmacology,  Unlveraity  of  Oslo, 

P.O.Box  10S7  Bllndem,  0316  Oslo  3.  Norway. 

The  kinetics  of  binding.  Internalisation  and  degradation  of  epidermal  growth  factor  (BGF)  was 
studied  In  freshly  Isolated  rat  hepatocytes.  After  Isolation  the  hepatocytes  had  a  nonhomogeneous 
population  of  surface  E6F  receptors  consisting  of  approximately  9,000  high  affinity  sites  (K,j  21  pH) 
and  16S,U00  low  affinity  sites  (K^  0.62  nM)  as  determined  by  Scatchard  analysis.  Incubation  at  37°C 
(45  min)  Increased  the  number  of  surface  receptors  per  cell  to  about  260,000.  This  Increase  was 
cycloheximide-sensitlve  and  selective  for  the  low-affinity  receptors.  During  5  h  Incubation  at  iT°C 
the  hepatocytes  Internalised  6-7  times  more  EGF  molecules  than  the  number  of  cell  surface  receptors, 
based  on  clearance  measurements.  The  uptake  was  unaffected  by  cyclohexlmlde .  Concomitant  estimation, 
using  aold/salt  elution,  of  surf  ace- bound  EGF  and  Internalised  BGP  showed  that  the  number  of  inter¬ 
nalized  BGF  molecules  exceeded  the  decrease  in  surface-binding  6  times.  The  ratio  between  Internali¬ 
zed  DGF  and  the  decrease  in  surface  binding  was  temperature-dependent,  being  reduced  to  a  one-to-one 
stoichiometry  at  10®C.  After  down-regulation  (80%)  Induced  by  5  nM  unlatieled  EGF  the  surface  EGF 
receptors  did  not  recover  during  subsequent  Incubation  (2  h)  at  37°c.  However,  the  remaining  surface 
receptors  Internalized  ZGF  In  9-fold  excess  of  their  number.  The  large  discrepancy  between  Inter¬ 
nalization  capacity  and  cell  surface  binding  capacity  was  also  found  In  the  presence  of  cyclohexlmlde. 
The  results  suggest  that  Internalized  BGF  receptors  are  partly  replaced  by  externallzatlon  of  pre¬ 
formed  Intracellular  receptors  during  BGP  uptake  In  Isolated  hepatocytes.  Involving  recycling  of  a 
small  population  of  EGF  receptors  and/or  recruitment  of  unexposed,  preexisting  receptors. 


270  TRANSFORMWa  GROWTH  FACTOR  aCTOFo)  AMD  EPIDERMAL  GROWTH  FACTOR  (BGF)  INHIBIT 
PTH-RESPONSIVE  ADENYLATE  CYCLASE  (AC)  OF  CLONAL  06TEOBLAST-UKE  CELLS.  G.E.  OutierreE.  G.R. 
Mundy,  R.  Derynek,  E.L.  Hewlett,  and  M.S.  Katz.  Univ.  of  Texas  Health  Science  Center  and  Audie  Murphy  VA 
HoapiUL  San  Antonio,  TX;  Oenentech  Inc.,  So.  San  Francisco,  CA;  and  Univ.  of  Virginia,  Charlottesville,  VA,  USA. 

A  number  of  solid  tumors  produce  TGFo  and  factors  which  activate  PTH-aensitive  AC  of  osteoblasts.  Since 
growth  factors  such  as  EOF  influence  hormone  activation  of  AC  in  several  systems,  we  evaluated  the  effects  of 
TGFa  and  EGF  on  the  PTH-responsive  AC  of  clonal  osteoblast-like  osteosarcoma  cells  (UMR-106)u  AC  of  UMR- 
lOS  cells  incubated  for  4JhrfTGFa  or  E^  was  assayed  in  intact  cells  after  incorporation  of  rH)-adenine  by 
measuring  production  of  r^HTcAMPJrom  (^H1  ATP.  Recombinant  TGFa  and  EGF  each  produced  concentration- 
dependent  inhbition  of  PTH  (4xl0~  M)-reR>onsive  AC,  with  maximal  Inhibition  of  }l-44%  at  3.0r«/mL  Half- 
maximal  inhD>ition  occurred  ati).07rar/ml  TGFa  and  l.Oiw/ml  EOF.  TGFa  and  EGF  also  inhixited  beta  adrenergic 
agonist  (isoproterenol.  Iso;  10.  M)-stlmulated  AC  of  UMR-lOO  cells  by  32%,  but  neither  growth  factor  aftscled 
enzyme  response  to  POE,  (10  M)  or  basal  activity.  Nonreceptor-mediated  activation  of  AC  by  forakolin  (lO^M) 
and  cholera  toxin  (lig/mu  was  inhibited  19%  by  TGFa  and  EGF.  Pertussis  toxin  (PT;  lOOng/ml)  alimented  PTH- 
stimulated  AC,  sumsting  modulation  of  FTH  re%K>nse  by  a  functional  inhfiiitory  guanine  nucleotide -binding 
regulatory  protein  (Nj).  However,  PT  had  no  effect  on  TOP  a  inhibition  of  PTH  response.  Treatment  of  UMR-lOO 
cells  with  cyclohexirom  (l-Stg/ml),  an  inhibitor  of  protein  synthesis,  decreased  the  degree  of  TGFa  inhibition  of 
PTH-  and  Iso-etimulated  AC  to  10-10%.  In  concluMon,  TGFa  and  EOF  seleetively  impair  PTH-  and  beta 
adrenergie-respansive  AC  of  osteoblast-like  cells  (UMR-lOO)  by  actions  which  1)  may  be  exerted  at  the  receptor 
for  stimulatory  agonist  and  also  at  nonreceptor  components  excluding  N,,  and  3)  may  require  protein  synthesis.  In 
addition,  inhibition  of  PTH  responsiveness  of  osteoblasts  by  growth  hetors  conceivably  explains  why  solid  tumors 
secreting  both  PTH-like  factors  and  growth  factors  may  be  associated  with  decreased  bone  formation. 
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IS  THE  AMTIACGREGATORY  EFFECT  OF  AD,  CORRELATED  WITH  IMBIBITION  OF  CYCLIC  NUCLEOTIDE 
FHOSPBODIESTERASES? 

G.  HaRia,  D.  Fiorentini,  A.  Falasca,  M.  Proadociai  and  C.A.  Roasi 

Inatituta  of  BioehOBiatry,  Univeraity  of  Bolo(na.  Bologna  and  Fidia  Neurobiological  Beaearch 
Laboratoriea,  Abano  Terw,  ITALY 


Cyclic  AMP  ia  clearly  Ittplicated  in  platelet  function,  aince  an  increaae  in  cyclic  AMP  levela  leada 
to  the  inhibition  of  platelet  aggregation.  On  the  other  hand,  the  effect  of  cyclic  GMP  remaina  contro- 
''"*‘**'  “b  (8*<““ocl>loro-3-beta-diethyla*inoethyl-4-»thyl-7-ethoaycarbonylBethoay  coiaurin)  haa  been 
shown  to  be  a  powerful  inhibitor  of  hiaan  platelet  aggregation  in  vitro  induced  by  a  variety  of  differ 
ent  atinli  (Proadociai  et  al.,  Naunyn-Schniedeberg  Arch.  Pharmacol.  (1986)  332,  305).  An  inveatigation 
on  the  inhibitory  effect  of  AD,  upon  phoaphodieateraaes  (PDE)  from  human  plateleta  ia  reported. 

A  cyclic  afp  a^cific  PDE  and  a  cyclic  AMP  apecific  PM  have  been  prepared  by  ion-exchange  chromatogra 
phy  of  a  platelet  extract.  Cyclic  OIP  PDE  ia  selectively  inhibited  by  AD,  (Ei -O.!  rt<);  cyclic  AMP  PDE" 
«  quite  lees  sensitive  to  AD,  (  ICj->  1.2  mM  at  1  pM  cAMP).  In  fact  AD  ‘  at  a  concentration  (0.1  iM) 
^ich  strongly  inhibits  platelet  aggregation,  haa  no  effect  on  cAMP  levdla  in  platelets, 
pie  effect  of  AD^  hat  been  also  investigated  on  a  calcium-calmodulin  sensitive  POE  partially  purified 
from  bovine  brain;  the  drug  has  a  poor  inhibitory  effect  on  the  stimulated  enxyme. 
ftir  results  raggeat  that  the  antiaggregatory  effect  of  AD,  is  not  related  to  cAMP  PDE,  while  s< 
for  cyclic  GMP  could  be  involved.  Studies  on  the  effects  of  AD,  on  cyclic  GMP  content 
now  in  progress.  * 

Supported  by  MPI  grants. 
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272  BCPBESSIOM  OF  c-fo3  AtO  e-inyc  I«NA  IN  GBOWm  STIMIUTION  OP  FOBCINE  THYROID  PDLLICLE  rEtJ.S 

IN  CULTURE:  N.-E.  Heldin  and  B.  Hssteimarlc,  Dept,  of  Pathology,  Uiiversity  Hospital, 
University  of  U^ipsala,  Sweden. 

TTie  proto-arxngenes  c-fos  and  c-myc  are  believed  to  be  involve  in  nornal  grcaith  control.  The 
gmth  regulation  of  the  thyroid  gland  is  rather  ccnplex.  Iliyriotropin  (TSH)  was  until  a  few  years  ago 
generally  accepted  as  the  only  regulator  of  thyroid  growth.  In  porcine  thyroid  cells  in  culture  epi- 
deiraal  grosfth  factor  (EES')  u  the  most  potent  mitogen,  but  also  high  concentrations  of  iodide  stimu¬ 
lates  the  incorporation  of  "’H-thymidine.  TSH  is  not  a  growth  prenoting  agent  for  these  oells  although 
it  increases  their  functional  capacity.  The  abject  of  the  present  investigation  was  to  study  the 
expression  of  c-foe  and  c-myc  wRNh  in  thyroid  follicle  cells  after  grearth  stimulation. 

Addition  of  10  ng/Tnl  of  By  resulted  in  a  transient  increase  in  the  c-fos  nBNA  (2.2  kb)  level  with 
a  peak  reached  after  30  minutes.  Bihanced  c-myc  (2.4  kb)  expression  was  ojbserved  after  30  min., 

with  a  mucimni  after  2  hours  and  ranained  at  a  hi^h  level  during  the  24  h  investigated. 

TSH  (10  iiUAd)_ted  no  stisulatory  effect  on  the  c-fos  and  c-myc  nHNA  expression. 

Addition  of  10  14  of  iodide  (KI)  enhanced  the  ejqnression  of  c-myc  mRm  but  not  c-fos  mRNA.  The 
increase  was  observed  6  h  after  stinulation,  i.e.  4-5  h  later  than  after  an  By-stinulation. 

(Xir  results  shew  that  an  increased  owyc  and  c-fos  (only  with  BGF)  expression  ars  early  events  in 
the  prereplicative  phase  of  porcine  thyroid  follicle  cells,  tdiether  stimulated  by  a  polypeptide  growth 
factor  (EBP)  or  an  ion  (iodide).  The  growth  pmnoting  activity  of  iodide  has  previously  been  shown  to 
be  o^led  to  a  decrease  in  adenylate  c^lase  activity.  In  view  of  the  fact  that  this  effect  may 
require  several  metabolic  steps,  including  iodide  organificaticn,  the  finding  of  a  lag  in  c-myc 
expression  in  iodide-treated  cells  cenpared  bo  cells  exposed  to  BGF,  is  not  unexpected. 


RELATIONSHIP  BETMEEN  THE  ppeo''"*"  PHOSPHORYLATIOH  SITE  AND  THE  INHIBITOR-Z  BINDING  SITE 
OF  PROTEIN  PHOSPHATASE  1  INVOLVED  IN  THE  FORMATION  OF  THE  MgATP-DEPENDENT  PROTEIN  PHOSPHATASE. 
T.S.  Ingtbrltsen  and  J.H.  Johansen,  Oepartiwnt  of  PhanNcologir.  University  of  Colorado  Medical 
School,  Denver.  CO  80Z6Z. 


Protein  phosphetase  1  Is  regulated  through  the  phosphoryletlon  end  dephosphoryUtlon  of  three  heat 
stable  Inhibitor  proteins,  lnhlbltor-1,  inhIbiW-Z  end  DARPP-SZ.  Prolonged  Incubetlon  of  protein 
phosphatase  1  with  Inhibitor-Z  leeds  to  the  Inacttvetlon  of  the  protein  phosphatase  due  to  e  change 
In  tlM  conforaatlon  of  the  enzyue.  This  Inactivation  can  be  reversed  by  phosphoryUtlon  of 
InhIbItor-Z  on  a  threonine  by  glycogen  synthase  kinese  3  (GSK-3J.. protein  phosphatase  1  Is  also 
regulated  through  the  direct  phosph^latlon  of  the  enzyae  by  PpGO*'*  ,  the  protein  product  of  the 
sre  oncogene.  Phosphorylation  of  the  protein  phosphatase  results  In  a  loss  of  activity  due  to  a 
'aRrtase  In  affinity  for  substrate  proteins.  The  ppBO  phosphorylation  site  has  been  localized 
to  protease-sensitive  domain  (Mr<4,000).  Protein  ptrasphetase  1  Is  not  e  substrate  for 
ppM  ■*  when  It  Is  co^lexed  with  Inhibitor^  to  fore  the  MgATP-dependent  protein  phosphatase. 
This  result  It  observed  both  before  and  after  activation  of  the  protein  phosphatase  by  GKO.  This 
Indicates  that  the  presence  of  bound  InhIbItor-Z  Halts  the  access  of  ppGO'''*'^^  to  the 
phosphorylation  site  pretuaably  via  stertc  hindorance  and  suggests  that  the  ppGO***'^'' 
phosphorylation  site  is  either  closely  associated  with  or  Is  pert  of  the  InhIbItor-Z  binding  site 
Involved  In  the  formation  of  the  MgATP-dependent  protein  phosphetase. 
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TBAHSroiMlIK  GROWIB  fACTOft>e  UGULATES  rOLLICLE-STlMUtATIMG  HORMOHE-lMDUCED  GSANULOSA 
CELL  DEVELOFMEHT  THSODGH  cAKF-DEFEMDEirr  AMD  cAMP-lMDEPEMDEMT  MECHAMISMS.  Mlch««l  Kn«eht. 
r*l  Ung.  and  Eavln  Catt,  EMB/MICBD/RIM.  Batbaada.  KD  20892 

Ovarian  grannloaa  calla  iron  dlathylatilbaatrol-laplantad  iMature  rata  raapood  to  folllcla- 
atlaolatlag  hoiaona  (ESB)  with  aavaral  hundrad-fold  incraaaaa  in  ataroidoganasis  and  poljrpaptida 
horaona  racaptor  anpraaaion.  Thaaa  atlaulatoty  affacta  of  FSH  ara  dapandant  upon  tha  activation  of 
adanylata  cjrelaaa  and  ara  raproducad  by  cAMP-induclng  Uganda,  wfalla  ranoval  of  cAMF  raauita  in  tha 
ragraaaion  of  grannloaa  calla.  Tranafoming  growth  factor-8  (TGF-8)  had  a  bifunrtional  affect  on 
FSH-inducad  cAMP  production  during  a  72  h  culture.  The  growth  factor  (16  pM)  enhanced  tha  affacta 
of  2.S-10  ng  FSB/al  hy  2  to  3-fold,  hut  auppraaaed  raaponaea  to  FSH  lavela  ovar  25  ng/nl  by  SOI. 
Tha  aetlona  of  TGF-B  wara  concantratlon-dapandant  ovar  tha  range  of  0.8  to  80  pM,  with  ■azlnal 
affacta  at  16  pH  of  tha  growth  factor.  TGF-8  alena  had  no  affact  upon  cAMP  fomatlon  or  cellular 
growth.  In  contraat  to  ita  blfunctlonal  affacta  on  FSB  action,  TCF-8  did  not  altar  cholaragan-  or 
forakolln-induead  cAMP  production.  Thua,  the  growth  factor  nay  nodlfy  FSH  racaptor  content  or 
coupling  of  the  FSH  racaptor :cyclaaa  ayataai.  TGF-8  alao  altarad  tha  aetlona  of  axoganoua  cAHP, 
alnca  it  anhancad  tha  affacta  of  8-braao-eAMP,  cholaragan.  and  forakolin  on  tha  axpraaaion  of  both 
lutainlalng  homona  and  EGF  racaptora  by  2-fold.  Thaaa  raauita  indicate  that  TGF-8  nodlfiaa  gonado- 
tropln-lnducad  cAMP  production  and  cAHP  action  in  tha  developing  granuloaa  call  and  la  involved  in 
the  naturatlon  of  an  andocrina-raaponalva  target  call. 


BIMDING  OF  l-CHLOROAOEMOSIME  TO  BOVIME  SPEIIMAT020A .  Ling,  Xlaa-Yang,  S.  Vijayaraghavan, 
and  D.  D.  Hoskins.  Oregon  Regional  Frinate  Research  Center,  Beaverton,  OR  97006. 

HaMsallan  spam  ara  unique  in  that  receptors  for  nodulating  signal  transduction  through 
binding  to  receptors  is  not  known  to  occur.  This  study  was  undertaken  to  detemine  if  receptors 
ara  involved  in  the  aachanlsu  by  which  adenosine  and  a  nunber  of  analogs  Initiate  aotility  in 
laaotlle,  bovine  caput  epididyul  sperw  and  stimulate  wotility  in  aotile,  inactive  caudal  spena 
(Biol.  Reprod.  3AS468-A77,  1986).  More  recently  we  have  shown  that  addition  of  adenosine 
deaulnasa  inhibitors  and  coupatitlva  substrates  uarkedly  stiwulates  aotility  in  subaotile 
caudal  spam.  Specific  binding  of  2-chloroadenosine  (2-Cl-Ad)  to  washed  caudal  spera  was 
daterained  as  a  function  of  time,  tenperature,  and  concentration.  Highest  specific  binding 
(80Z)  occurs  at  0*  for  2.5  hrs,  associated  constants  are:  Kj,  10  iiM  and  Baas,  3.15  x  lO'^ 
tJ1/10  spera.  Theophylline  has  no  effect  on  binding  and  nuaeroua  adenosine  analogs  do  not 
displace  2-Cl-Ad  in  a  manner  related  to  aotility  initiation.  Hltrobenrylthioinosine  (0.2  sdl) 
coapletaly  blocks  2-Cl-Ad  binding  to  Intact  spera.  These  data  suggest  that  2-Cl-Ad  aay  bind  to 
an  adenosine  uptake  site  and  that  binding  is  unrelated  to  aotility  initiation.  Binding  to 
spera  plasaa  aeabranes  requires  the  presence  of  protease  inhibitors  during  aeabrane  isolation. 

High  specific  binding  (802)  to  head  plasaa  aeabranes  has  been  found  but  activities  have  been 
low  and  variable.  Supported  by  NIH  grant  HD18737. 


276  CALHOOULIN  IN  6LOOO  AND  SALIVA  AND  ITS  ASSOCIATION  WITH  EPIOCRMAL  GROWTH  FACTOR  (EGF). 

S.  ^  Wsil.  R.  Dawson,  C.  H.  Barton.  L.  Hanford,  H.  McGurk,  R.  Metcalfe  and  0.  S.  Hunto 
Departinent  of  hedicine.  Clinical  ^isneea  Centre,  Northern  General  Hospital,  Sheffield  S5  7AU,  U.K. 

He  have  previously  reported  thst  calmodulin  activity  in  human  serum  originates  from  the  platelet 
which  specifically  releases  bioehsaically-identifiable  calmodulin  in  response  to  thronf>in  stimulation 
(Mac  Na.l  et  al.  Bioacience  Reports,  A,  643-650).  As  extracellular  calmodulin  can  stimulate  cell 
division  in  cultured  calla  (Mac  Nail  at  al.  J.  Invest.  Dermatol.  83,  15-19,  1984)  we  are  investigating 
a  possible  extracellular  role  for  calmodulin.  Levels  of  serum  catmbdulin  (20  volunteers)  rmged  from 
27  to  1220  ng/nl  (x  of  297  t  70  SEN)  and  plasms  levels  from  10  to  286  ng/ml  (12  volunteers, 

X  of  135  1  30).  Release  of  celmodulin  from  platelets  (which  contained  up  to  15  pg  of  calmodulin  per 
mg  of  platelet  protein)  was  associated  with  the  release  of  other  platelet  products  -  EOF  was  released 
in  all  experiments  where  calmodulin  was  released  end  neitfvr  was  released  when  platelet  release  was 
prevented.  Investigating  a  possible  association  between  calmodulin  and  EGF  we  next  examined  saliva 
and  found  EGF  levels  of  2-7  ng/ml  and  calmodulin  activity  of  0.2  to  4pg/ml.  Oral  surgery  elevates 
EGF  secretion  in  normal  individuals.  Both  EGF  and  calmodulin  secretion  were  similarly  elevated  (by 
lOOat  p  <  0.05  for  both)  24  hr  post-surgery.  The  correlation  between  the  rate  of  EGF  secretion  and  the 
rate  of  calmodulin  secretion  was  r  x  0.82  (based  on  26  salivary  aamplea  from  7  patienta). 

Approximataly  80  moles  of  calmodulin  sera  secreted  per  mole  of  EGF.  The  calmodulin  activity  in  saliva 
is  recognised  by  calmodulin  antibody  and  satisfies  several  other  criteria  for  authentic  calmodulin. 

We  suggest  that  the  high  levels  of  calmodulin  activity  in  blood  and  saliva  associated  with  at  Issat 
one  other  growth  factor  (E(7)  merits  further  investigation  of  vi  extracellular  role  for  calmodulin. 


277  HOHOCLOMAL  ANTIBODIES  AGAINST  TT?E  11  RAT  BRAIN  PROTEIN  KINASE  C.  Hlroki  HARabay—hi  and 
Kuo-Plns  Huang.  MICHD.  MIH.  Bathaada.  MD  20892 

Thraa  iaosynlc  totma  of  rat  brain  protaln  klnaaa  C  had  baan  purifiad  to  naar  honoganaity.  Thaaa 
ansynaa  vara  daaignatad  cypa  I.  II.  and  HI  protaln  klnasa  C  baaad  on  thalr  alucion  prof  11a  fron 
hydroxylapatlta  coluan  in  an  ordar  of  Incraanlng  phoaphata  buffar  concantratlon.  All  thraa  laosyaaa 
hava  tha  aana  nolacular  walght  of  82.000.  uadargo  ^utophoaphorylatlon  In  tha  praaance  of  Ca^  , 
pboaphatldylaarina  ^S) •  and  dlolaln  (DG).  and  bind  ['^H]phorbol>l2.13*sllbutyrata  (POBu)  dapandant  on 
tha  praaanca  of  Ca^  and  PS.  Thraa  nonoelonal  antlbodiaa  (8/1.  10/10.  and  25/3)  of  tha  IgG.  class 
had  baan  praparad  against  tha  typa  II  rat  brain  protain  klnasa  C.  All  thaaa  antlbodiaa  InBunopra- 
cipitatad  tha  typa  II  laosyaa  in  a  dooa~dapandant  nannar  but  did  nalther  to  type  I  nor  typa  III 
Isosyna.  Tha  laiBana  conpl^as  of  typa  II  isotyaa  and  tha  antlbodiaa  rataln  all  tha  klnasa ^^ctlvlty. 
which  la  dapandant  on  Cm*  /PS  and  furtbar  atlaulatad  by  DG.  Tha  eoncantratlona  of  Ca^  and  PS 
raqulrad  for  half-aarlaal  klnasa  activity  wara  not  influancad  by  tha  praaanca  of  antlbodiaa.  Tha 
Initial  rata  and  final  extant  of  protain  klnasa  C  autophoaphorylatlon.  howavar.  wara  raducad  by  tha 
addition  of  tha  antlbodiaa.  Tha  concantratlon  of  PS  raqnlrad  for  half-naximl  PDBu  binding  and  tha 
Kd  of  PDBu  wara  unchanged  la  the  praaanca  of  tha  antibodies.  Tha  total  binding  of  PDBu  in  tha 
praaanca  of  one  antibody  (8/1)  but  not  tha  other  two.  was  raducad  by  SOX.  Inannoblot  analysis  of 
tha  trypsln-dagradad  protein  klnaaa  C  ravaalad  that  all  thraa  nonoclonal  antlbodiaa  racognlsad  tha 
33*38-KDa  fragnant,  the  PS /PDBu^b lading  donaln.  but  not  the  45*48^KDa  f regnant,  tha  klnasa  catalytic 
donain*  of  tha  ansyna.  Thaaa  results  Indicate  that  tha  PS/PDBu-blndlng  donaln  of  tha  typa  II 
protein  klnaaa  C  contains  tha  najor  lanuno^raactiva  datamlnant  for  all  thaaa  nonoclonal  antibodies; 
however,  tha  affects  of  thaaa  antibodies  on  tha  binding  of  PDBu  are  different. 


278  DIFFERENTIAL  DISTRIBUTION  AND  DEVELOPMENTAL  EXPRESSION  OF  THE  ISO^THIC  FORMS  OF  PROTEIN 

KINASE  C  IN  RAT  BRAIN.  taauyoahl  Toahlda.  Fraasla  Huang.  Hlroki  Nakabayaahl*  and 
Kuo'Plng  Huang,  NtCHD.  NIU.  Bathasda.  MD  20892. 

Polyclonal  antibodies  against  rat  brain  PK£  wara  raised  In  goat.  These  antibodies  can  nautrallsa 
conplataly  tha  purifiad  rat  brain  PRC  as  wall  as  tha  total  PKC  activity  In  tha  crude  brain  honoga- 
ndta.  Tha  antlbodiaa  also  recognise  tha  aaaa  ansyna  from  other  rat  tissues.  Neuronal  tissues  and 
lysphold  organa  wara  found  to  be  highly  enriched  in  PKC,  while  lung,  kidney.  liver,  heert,  and 
akaletal  nuacla  contained  relatively  low  level  of  this  klnasa.  Va  hava  also  charactarlsad  thraa 
laoxynlc  forma  of  PKC  from  rat  brain.  Monospecific  antibodies  against  typa  I.  II,  and  til  laosymas 
wara  praparad  by  specific  abaorptlon  of  polyclonal  antibodies  to  aach  type  of  laoryma  previously 
elactrophoratlcally  transferred  to  nitrocellulose  mambrana.  Each  monospecific  antibody  praparstion 
recognized  praferantlally  Its  own  antigen  by  luinoblotting.  These  antlbodiaa  wart  used  to  typa  tha 
praaanca  of  isotymlc  forma  of  PKC  In  tha  various  regions  of  rat  brain  and  to  datarmlna  tha  axprtas* 
Ion  of  thaaa  laosymas  during  brsln  davslopmant.  Tha  typa  I  Isozyma  was  found  to  be  enriched  In 
caraballum,  tha  typa  II  Isozyma  In  carabrsl  cortex,  tbalaiBus,  and  corpus  callosum,  and  tha  type  III 
Isozyme  in  olfactory  bulb.  During  brsln  dsvalopmsnt  ths  typa  I  enzyme  was  vary  low  In  the  fetus  and 
rats  within  ons-waafc  of  age.  At  least  a  3'>’S*fold  Increase  In  tha  type  I  anzyma  was  observed  between 
ona-aod  two^aak  of  age  and  ramalnad  constant  tharaaftar  up  to  slx<-vaak  of  age.  Both  tha  typa  11 
and  type  III  anzymas  wara  progressively  Increased  from  thraa  day  before  birth  up  to  tvo-waak  of  age 
and  ramalnad  constant  tharaaftar  up  to  six-weak  of  age.  These  results  damonstrste  that  ths  various 
protain  klnasa  C  laosymas  are  enriched  in  distinct  regions  of  rat  brain  and  tba  expression  of  thass 
isozymes  Is  davalopmantslly  controlled. 


279  PROTEOLYTIC  DEGRADATION  OF  PROTEIN  KINASE  C  IN  THE  PHORBOL  ESTER-INDUCED  XNTERLEUKIN-2 

SECRETING  THTMCMA  CELLS.  Fraasla  Huang.  Prince  Arora,  Edgar  Hanna,  and  Kuo-Ping  Huang, 
MICHD,  NIH,  Bathaada.  MD  20892 

Phorbol  L2-myrlatata  l3-acatata  (PMA)  induces  tha  lntarlaukin-2  (11-2)  production  in  mouse 
thymoma  calls  of  EL4.  chough  tha  mechanism  of  action  is  not  known.  Tha  affects  of  PMA  on  EL4 
protein  klnaaa  C  (PRC)  wara  studied  by  using  polyclonal  antibodies  raised  against  rat  brain  PRC. 
These  antlbodiaa  Inhibited  PKC  activity  complataly  and  dsttctad  sn  82-KDs  protain  by  lamuioblot 
analysis  In  both  crude  homogenate  and  partially  purified  klnaaa  preparation.  PMA  at  lOng/ml  elicit¬ 
ed  a  clma-dapandanc  loaa  of  PKC  (82  KDa)  protein  from  tha  aoli^la  fraction  (earliest  time  tasted  was 
2  min);  an  aarly  rlaa  (peak  at  5  min)  and  aubaaquant  loss  of  PKC  from  tba  particulate  fraction  vaa 
also  obaarvad.  Conaaquantly.  PKC  in  tha  whole  homogenate  disappeared  gradually  (>S0X  loss  in  30 
min).  Thaaa  affects  wara  doaa-dapandant  and  were  not  caused  by  the  inactive  analog.  4-ai  phorbol. 
With  continuous  praaanca  of  PMA.  PKC  ramalnad  vary  low.  However,  removal  of  PMA  from  tha  medium 
caused  tha  raappaaraoca  of  PKC  after  24  hr.  and  tha  newly  aynthealzad  PKC  was  mainly  located  In  tha 
soluble  fraction.  Thaaa  PMA  affects  vara  tasted  on  a  cloned  line  of  EL4  (IEL4)  which  was  known  to 
be  unrasponalva  to  PKA-lnducad  11-2  production.  At  the  same  concentration  (lOng/ml).  PMA  also 
Induced  a  fast  and  tlma-dapandant  translocation  of  PKC  from  the  aolubla  to  tha  particulate  fraction 
of  IEL4.  However,  the  degradation  of  mambrana  sssoclstad  PKC  was  greatly  retarded;  up  to  30  min  the 
82-KDa  protein  ramslnsd  high  and  there  wee  no  change  of  PKC  in  tha  whole  homogenate.  These  results 
suggaatad  that  translocation  and  dagradaclon  of  PKC  wara  early  events  of  ths  PKA-lnducad  11-2 
production;  the  retardation  of  PKC  dagradation  resulted  in  tha  failure  of  11-2  production  In  IEL4. 


m 


edOtF  SE6DLATBS  THB  RASCtlPTlOHAL  ACTIVITT  OF  M-MaLF  LTK 

N.  H,  Fan^.  and  T.S*  Cho-Chtaiif  ^Mati«ial  Cancar  Inacltuta,  MIH»  Bathaada,  MD 

20892;  ^Da^e.  of  Molacular  Biology  and  BloebaBlatry»  OalaaraiCy  of  California,  Iralna,  CA,  92717. 

Slta  1-  and  Slta  2-  aalactlva  analog!  In  coablnaclon  aynarglatlcally  produead  growth  inhibition 
and  pbanotyple  ravaralon  of  Ha-4haSV-tranafomad  lfIH/3T3  dona  13*3B*4  ealla  (  P.Tagllafarrl,  at.al. 
Blochan.  Blophya.  Baa*  CoMun.  130.  1193-1200,  1983)*  la  thla  raaataa  tranafonatlon  procaaa,  tha 
Incraata  of  tha  ratio  of  tha  cAKP  racaptor  protaina  ,  aapaclally  at  tha  call  nuclaua  waa  found 

to  ba  a  prlnary  avant  and  thla  incraaaa  in  tha  ratio  waa  Invaraaly  ralatad  to  tha  auppraaalon 

of  p21  raa  protaln  anpraaalon*  In  thla  work  wa  Invaatigatad  whathar  tha  cAMP  analog  affact  on  tha  p2l 
raa  protaln  auppraaalon  In  13-3B'-4  calla  could  ba  at  tha  lamil  of  LTR  axpraaalon.Tha  affact  of  cAMP 
on  tha  traacrlptlonal  aetlrltlaa  of  tha  wild  typa  and  dalatad  M-MuLV  LTRa  waa  aaaaaaad  by  fualon  of 
tha  LTR  to  tha  bactarlal  CAT  gana  followad  by  tranalant  axpraaaion  aaaaya  In  lfIR/3T3  ealla* 

Traataant  of  II1H/3T3  ealla  containing  tha  wild  Typa  LTR  for  24  hr  with  tha  81ta-2  analog,  N^-butyryl 
cAMP  (25ua>f  tha  Slta-1  analog,  S-thloaathyl-cAMP  (5^)  raaultad  in  ovar  80X  inhibition  of  tha  CAT 
axpraaalon  ;  tha  aaaa  Inhibition  waa  alao  obtalnad  with  aach  of  thaaa  analoga  or  with  othar  analoga 
aingly  but  at  10-100  fold  hlghar  concantratlona*  A  aariaa  of  dalatlona  of  tha  tandanly  rapaatad 
anhancar  aaquaneaa  (-194  to  -150  bp)  dacraaaad  tha  proaotar  activity  and  abollahad  tha  cAMP  analog 
affact  on  tte  CAT  axpraaaloo*  Dalatlona  of  tha  aaquaneaa  balow  tha  tandan  rapaata  batwaan  tha 
Xba  I  aita  and  CAAT  box  (-150  to  -120),  howavar,  dacraaaad  tha  pronotar  activity  only  without 
affactlng  the  cAKP  Inhibitory  affact  on  tha  CAT  axpraaaion* 

Thaaa  raaulta  auggaat  that  cAMP  in  niMallan  calla  ragulataa  gana  axpraaaion  at  apaeiflc  aaquaneaa* 


281  CYCLIC  AMP  INCREASES  IHE  DfNA  LEVELS  FOR  IHE  REOIATORY  SUBUNIT  (R-II51)  CP  TYPE  II  aAK>- 

IXI>BI»rr  FIOtEIM  KINASE  IN  BAT  SEKPCLI  COLS.  0.  H.  EakUd^,  H.  Attxanadall  >2, 

I.P.  Gladhaug2,  f.Q.  Levy^,  g.  Knutaen^,  J.S.  Richards^.  V.  Hansson^,  and  T.  Jahnaen1>2, 

^Institute  of  Pathology,  Rlkshosplt<ilet,  Oslo,  Noiviay;  ^institute  of  Madloal  Biochonlstty,  University 
of  Oslo,  Norway;  ^institute  of  Phamaaology,  University  of  Oslo,  Norway ;4Departiaent  of  Cell  Biology, 
Baylor  college  of  Ifedlclne,  Houston,  Teseas. 

Testicular  function  Is  dependent  on  FSH/cAMP  stlraulatlon  of  Sertoli  cells.  All  effects  of  cAHP  are 
sipposed  to  be  via  cAMP-dependent  protein  Kinases.  The  present  study  las  undertaken  In 

order  to  Investigate  FSH/cAMP  regulation  of  R-lIs;  in  rat  Sertoli  cells.  Tbtal  WA  was  extracted 
frm  rat  testes  of  different  ages  (5-100  days)  and  fran  rat  Sertoli  cell  cultures  after  stlsulatlon 
with  FSH  or  dibutyryl-cAMP  (db-cA») .  Messenger  RNA  for  R-II51  wes  quantitated  by  Northern  analyses 
using  20  fug  at  total  FNA  and  a  nldc-translated  rat  tt-1151  cENA  probe.  TWo  nRNA  ^»cles  for  Brils') 

(1.8  kb  and  3.2  kb)  were  detected  In  rat  testes.  The  mPM  levels  for  R~IIs)  In  rat  testes  Increased 
from  day  5  to  day  IS,  showed  high  levels  until  day  25  after  which  It  gradually  decreased.  Sertoli 
oell  cultures  from  limature  rat  testes  stimulated  with  db-cAMP  (0. 1-1.0  nM)  and  FSH  (750  ng/ml)  for 
48hrs  shCMed  a  10-50  fold  Increase  In  R~Il5i  aCNA.  The  elevated  levels  were  due  to  an  Increase  In 
the  3. 2  kb  mBHA  for  R-IIsi  ■  increase  in  R-II51  was  observed  whrai  prisBiy  (epatocytes  were 
Incubated  for  49irs  In  the  presence  of  1  nM  db-<AMP.  These  results  show  that  FSH  and  cAMP  in 
cultured  Sertoli  cells  cause  a  cell-specific  increase  in  mBW  for  R-II5)  and  tieit  this  nay 
represent  an  Inportant  self-anpUfylng  mechanism  for  FSH  and  cAMP  actln  on  Sertoli  cells. 


INHIBITORY  EFFECT  OF  A  HAS  ONCOGENE  ON  PLATELET-DERIVED  GROWTH  FACTOR 
(PDGF)-STIMin,ATED  PHOSPHOINOSITIDE  HYDROLYSIS  IN  MURINE  HBROBLASTS.  Greyorv  Pamer. 
Robm  Hoebel,  nd  ECniiii  Racker.  Sedkm  of  Bncheiniiiry,  Molecula  aid  Cell  Biology,  Comell  Univenity,  Ithaca,  NY  I48S3. 

We  have  investigated  the  influence  of  a  ras  oncogene  (Land  tt  of.  (1983)  Nature  304,  596)  on  POGF-stimulated 
phosplHliidyiiDasital  ^  metabolism  in  Rst-l  wA  NIH  3T3  fUnbblasN.  Incubmion  of  [>H]inasilol-Ubeled  Ras- 1  cells  with  purified 
human  nXjF  (5  ng/od)  resuked  in  2-  to  S-fold  inacaea  in  PHJIP,  levels  within  90  a  nd,  in  the  presence  of  25  mM  1>,  a  4-fold 
increase  in  the  level  of  (tH]IF|  Hler  30  min.  In  oontiast,  incubmion  of  El-nu-irsnalected  Rat-I  cells  (Rl-E)2  line)  with  nXSF 
resulted  in  little  or  no  acGumulalion  of  either  PHPP;  or  PH]IP,.  This  lack  itfre^onae  was  not  due  ton  absence  of  PDGF  receptors 
since  the  nunberof  specific  [ofllPDGFbindingsiia  on  Rl-E)2  cells  wmat  lent  80%  of  that  on  Rm-I  cells.  In  aeruni'fiee  media  the 
basal  tales  of  PI  tuniover(Le.,  the  kinetics  of  pH]IP,  accumulation  in  dre  presence  of  Li*)  in  Rat- 1  and  Rl-E)2  cells  were  similar. 
Whereas  PDGF  stimulaied  PI  turnover  only  in  the  parental  Rat-1  cells,  both  the  pareniil  and  EJ-ror-iransfecled  cell  lines  were 
stimulaied  approxinnaely  2-fbid  by  thrombin  (250  n^ml)  and  4-  to  S-fold  by  5%  plssmn-derived  sentm  (PDS).  bi  the  presence  of 
PDS,  the  rate  of  PI  turnover  in  R1-EI2  cells  was  similar  to  that  in  PDCP-stinarlaMd  Rai-1  cells.  PDGF  also  induced  a  marked 
slimulsiion  of  PI  nieliMitm  in  NIH  3T3  ceUs,  but  not  in  v-Ha-rar-imtfected  or  Kittren  murine  sarcoma  virus- tremformed  3T3 
cell  lines.  On  die  other  hand,  NIH  3T3  cells  that  were  transfected  with  v-srcieaponded  to  PDGF  to  a  smular  extern  as  the  parental 
cells.  lMi«  NIH  3T3  cells  timsfected  with  at  expreaskm  vector  containing  a  ghrcocorticoid-sensitiveinauaeinuniiiiiy  tumor  vims 
LTR-linked  v-Ha-roi  gene,  the  imhKtion  of  p21v4rMi  wiA  2  iiM  dexamethsaone  for  26  h  was  aiiocialixl  with  a  91%  reduction  in 
PDGF-slinailaied  PHJinasiMl  incoipotation  iMo  PI;  dexumthasone  dccrrasrid  the  FDGP  srimulatton  by  about  40%  in  control  3T3 
ceUs.  These  resuto  suggest  that  a  nu  oncogene  product,  p21,  may  exert  an  inhibitoiy  effect  on  the  PDGF  activation  of 
phoaphoimaiide  hyrtaoiysis.  (Supported  by  Anwicai  Cancer  Society  graidPP-2683«id  NIH  |iartCA-08964). 
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CYCLIC  mcuOTIDB  PHOSnoozESTERASB  GEMS.  Givgory  PodGoraki,  Jakob 
Franka,  Maria-Llaa  Laeoaba,  and  oapt.  of  Anatoav  and  Call  BloloGy, 
Collaga  of  Phyaioiana  and  SuTGaona,  Colia^la  Unlvaraity,  630  W  168th  St,  Naw  York, 
How  York,  10032. 

Ho  bavo  elonad  a  cyclic  nuclaotlda  ^loaphodlastaraoo  g»n»  which  codas  for  a 
dovalopaantally  roGulatod  Gl-ycoprotain  sacratad  by  Dictvoatoliun  diacoidaun.  Tha 
orGanian  uaas  cMIP  aa  a  chaaoattractant  durinG  aGG^^oGation  and  tha  ansyaa  ia  part  of 
tha  ayataa  which  controls  tha  lavala  of  asctraeallular  eANP.  Tha  cowplata  aaquonca 
of  tha  phospbodiaataraaa  baa  boon  dataminad  froa  ovarlappinG  cDNh  donas;  tha  cONA 
codas  for  a  protain  of  51,000  daltona.  nia  Gocoaic  saquanea  has  also  boon 
dstaninad  and  axcapt  for  a  snail  S'  intrm  is  idantical  to  tha  cDMA  saquanea.  Tha 
qana  axists  as  a  sinqla  e^y  in  tha  Gonono  and  has  no  honoloGy  with  othor  known 
cyclic  nuclaotido  bindinG  protains.  OurinG  tha  Gi^cwth  phasa  of  tha  Dictyoataliua 
lifo  cycla,  tha  aRKA  of  tha  pbo^ihodiastaraaa  is  prasont  at  low  lavals  as  a  1.8  kb 
transcript.  Karly  in  tha  davalopaontal  phasa  a  2.3  kb  phosj^odiastarasa  transcript 
is  inducad.  Tha  loval  of  nRHA  is  proportional  to  tha  aaount  of  antyna  sacratad. 
Mutants  which  lack  phosphodlastarasa  activity,  but  which  do  not  appaar  to  bo 
dafactiva  in  othar  fmctlona,  hava  Gvaatly  raducad  lavals  of  transcript. 
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PROTEINS  RELATED  TO  THE  PROTO-ONCOGENE  PROTEIN  KINASES  src  and  erb-B  IN  TEE  RAT 

STRIATUM  AND  HIPPOCAMPUS:  A  DEVELOPMENTAL  PROFILE.  rtTSItnantov,  and  H. 

NIman*.  The  Salk  Institute  for  Biological  Studies  and  The  Research  Institute  of  Scripps  Clinic*,  Lo  Jolla, 
CA  92138. 

It  is  now  widely  accepted  that  protein  kinases  ploy  a  pivotal  role  in  the  function  of  mamn«iian  cells  in 
general,  ortd  oncogenesis  in  porticulcr.  The  abundance  of  several  proto-oncogenes  in  the  nervous  system 
prompted  us  to  investigate  the  appearance  of  proteins  related  to  fes.  obi,  src  and  erb-B  protein  kinases 
during  the  development  of  two  well  defined  brain  structures,  the  striatum  onJlKe  hippocampus.  Sequence 
directed  momclonol  antibodies  recognizing  a  specific  portion  of  the  above  nwntioned  proto-oncogenes  were 
used  to  identify  the  proteins  in  embryonic,  newbm,  ockilt  and  aged  rats.  The  immunoreoctive  proteins  were 
analyzed  on  Western  blots  and  visualized  with  '25|..protein  A.  It  wos  found  that  proteins  related  to  each  of 
the  fow  orK»genes  undergo  characteristic  developmental  changes;  e.g.,  o  clear  drcline  was  observed  in  the 
level  of  the  I8K,  <0K  amj  I30K  proteins  recognized  by  the  sitibodies  to  fes,  aW  and  erb-B.  respectively. 
The  antibody  against  fes.  however,  recognizes  o  1 50K  protein  in  the  adult’ but  not  embrywic  striotum. 
Similarly,  on  antibody  to  the  src  kinase  detects  much  hi^wr  levels  of  o  40K  protein  in  the  adult  tissues  as 
comport  to  the  enibryos.  IrT’conjunction  with  recent  findings  concerning  the  tyrosine-protein  kinase 
activity  of  the  c-wc  in  cultwed  striatal  cells  and  during  de^lopment  (Simantov  et  ol..  Neuroscience 
Abstrccts,  1986),  these  experiments  indicate  that  several  proto-oncogene  related  protein  kinases  ore 
developmentaily  regulated  in  the  brain. 


28S  SANfiLlOSrOES  AS  BtHODAL  REGU.ATORS  OF  caL  tiROUTH  by  Sarah  Spiegel ,  Section  on  Membrane 

Biochemistry,  Developmental  and  Metabolic  Neurological  Branch,  NINCDS,  Bethesda,  MD 

Gangllosides,  sialic  acid  containing  glycosphingollpids  have  been  Implicated  In  the  regulation 
of  cell  growth,  based  on  the  dramatic  changes  In  ganglloside  ccmpositlon  during  oncogenic  transform¬ 
ation,  cell  cycle,  and  density-dependent  growth  Inhibition.  To  directly  examine  potential  functions 
for  endogenous  gangllosides,  we  have  recently  developed  a  new  approach  (1).  The  B  subunit  of 
cholera  toxin  (B),  which  binds  exclusively  to  several  molecules  of  gangllosides  GM1  on  the  cell 
surface,  was  used  as  a  ganglloside-specific  probe  to  Induce  cell  proliferation.  B  stimulated  DMA 
synthesis  and  cell  division  In  quiescent,  non- transformed  mouse  3T3  cells  (HIM,  Balb/C,  and  Swiss)  In 
a  dose-dependent  fashion.  Previously,  we  had  shown  that  B  was  mitogenic  for  resting  lymphocytes  (1). 
Thus,  the  ability  of  B  to  stimulate  resting  cells  to  divide  appears  to  be  a  general  phenomenon.  In 
addition,  B  remarkably  potentiated  the  effects  of  other  mitogens,  such  as  serum,  EGF,  PDGF,  and 
Insulin.  This  synergistic  effect  Indicates  that  B  regulates  the  biological  activity  of  these  growth 
factors  through  a  different,  not  yet  Identified  pathway.  In  distinct  contrast  to  Its  effects  on 
quiescent  cells,  B  Inhibited  the  growth  of  transformed  3T3  cells  as  well  as  rapidly  dividing  normal 
3T3  cells.  Thus,  we  were  able  to  demonstrate  a  bimodal  response  to  B  by  the  same  cells  Just  by 
varying  their  state  of  growth.  Transformed  3T3  cells  have  less  GMl  than  normal  3T3  cells  and  It  has 
been  reported  that  levels  of  surface  gangllosides  Increase  as  normal  3T3  cells  reach  confluency. 

Thus,  the  bimodel  response  to  B  may  be  related  to  the  amount  of  surface  GMl  being  occupied.  Our 
findings  suggest  that  endogenous  gangllosides  may  play  a  role  as  membrane  transducers  of  both 
positive  and  negative  signals  that  regulate  cell  growth.  (1)  Spiegel,  S  et  jl  (1985)  Science  230,  1285 


^  OONPMATIfl  QUUUICTBlZATlOa  OT  MCgTOt  MD  n-tKimt  AS30C1ATD  PtOTSlN  TnOSIHl 
KIBASBS.  Ashok  K.  Srlvastava,  Clinical  Research  Institute  of  Montreal,  110  Pine  Avenue  West. 
Montreal,  (Quebec),  H2W  1R7.  CANADA 

By  using  poly  (glu:  Tyr;  4:1)  as  an  exogenous  substrate,  the  characteristics  of  Insulin 
receptor  associated  protein  tyrosine  kinase  (PTX)  froa  rabbit  skeletal  auscle  has  been  coapared 
with  a  growth  factor-independent,  non-receptor-PTK  partially  purified  froa  rat  lung.  The  two 
PTK*s  phosphorylated  poly  (glu:  Tyr;  A:i)  very  effectively  with  apparent  Ka  values  of  0.3  ag/al 
for  Insulin  receptor-PTK  and  0.8  ag/al  for  non-receptor-PTK.  ATP  was  the  preferred  phosphoryl 
donor  for  both  PTX*s  (Ka  -  150  uM),  however.  In  the  case  of  non-receptor  PTK,  GTP  was  able  to 
partially  replace  ATP.  ATP  analogues,  AMP-PNP  and  ATP-Y-S  inhibited  the  activities  of  both 
enzymes.  Receptor  PTK  showed  more  activity  in  presence  of  Mg*  whereas  npn-receptor  PTK 
required  either  |lg*  or  Mn*  for  activity  although  higher  concentrations  of  Mg*  were  needed  as 
compared  to  Mn*  .  Para  hydroxy-aercurobenzoate  (PKMB),  a  SH-group  blocking  agent,  inhibited 
the  activities  of  both  PTK's  suggesting  the  requirement  of  SH  groups  for  enzymatic  activities. 
Both  enzymes  were  inhibited  by  fluorosulfonylbenzoyl  5*  adenosine  (PSBA)  and  bioflavonoid 
quercetin.  NaCl  also  inhibited  both  kinases,  alth^gh,  non-receptor  PTK  was  more  sensitive  to 
inhibition  by  NaCl.  Autophosphoryiation  resulted  in  the  activation  of  both  the  kinases.  These 
data  indicate  that  there  are  only  few  but  significant  differences  In  the  characteristics  of 
receptor  and  non-receptor  associated  PTK's.  (Supported  by  Medical  Research  (k>uncil  of  Canada). 


287  SITE  SELECTIVE  cAMP  ANALOGS  ALTER  THE  cAMP  lECEPTOt  RATIO  (rII/R^)  AND  PRODUCE  GROWTH 

INHIRITIOH  and  morphological  chance  in  several  human  RRBAST  AMD  COLON  CANCER  CELL  LIMS. 

P.  Tagllrnfarrl^,  D.  Eataaroa* ,R.R.  Roblna^,  T.  Clalr^  and  T.S.  Cho-CtauaR^i  *  National  Canear 
InaCltuta.Bathaada,  MO  20892,  and  ^Nuclale  Aelda  Raa.  Inatlt.,  ICN  Phan.,  Corp,  Coata  Haaa,  CA  92626. 

Tha  growth  ragulatory  affact  of  alta  aalactlaa  cAMP  analoga,  which  hawa  hMn  ahown  to  ha  nan, 
fold  note  actlva  In  protaln  klnaaa  activation  than  pravloual,  atudlad  darlvatlvaa,  waa  lovaatlgatad 
In  aevan  hreaat  and  thraa  colon  hunan  canear  call  llnaa.  Tha  ragulatory  anhunlt  of  tha  cANP  dapandant 
protein  klnaaa  contain,  two  Intrachala  binding  altaa.  Site  1  and  Slta  2.  cAMP  analoga  which  bind  to 
one  of  the  two  altaa  are  known  aa  Slta  1-aaleetlva  (C-2  and  C-8  aubatltutad  analoga)  and  Site  2- 
aelacclve  (C-6  aubatltutad  analoga).  Thirty  five  analoga,  C-2,  C-6,aod  C-8  mmoaubatltutad,  or  C-2  * 
C-8  dlaubatltuted ,  or  C-6  *  C-8  dlaubatltuted,  were  taated  for  thalr  growth  ragulatory  affect  on  the 
breaat  cancer  llnea  HCP-7,  MCT-7raa,  T-67D.  HDA-fO-lll,  ZR-7S-1  ,  lT-20  and  HBL  100,  and  the  colon 
cancer  llnaa  L8-176T,  HIDr,  and  WF-29.  At  uH  concantratlona  aoat  of  tha  analog,  cauaad  appraclable 
growth  Inhibition  of  all  can  call  llnaa.  Tha  greateat  Inhibition  waa  obaaread  whan  ualng  analoga 
containing  a  chlorine  atoa  at  tha  C-8  poaltlon:  S-Cl-cANP  and  N*-phanyl-8-thlo^lphany l-cAMP ,  at 
SOuM,  cauaad  70-80X  growth  Inhibition  of  all  tan  call  llnaa.  Tha  C-6  analog,  NV-banayl-cAMP ,  waa  the 
next  aoat  potent  Inhibitor,  caualng  S0-60Z  growth  Inhibition  at  50  pM.  Growth  Inhibition  waa  acconpa- 
nled  by  a  change  In  call  aorphology  and  an  Incraaaa  In  tha  cAHF  receptor  ratio  (R^^/R^),  aa  naaaurad 
by  photoafflnlty  Incorporation  of  FJ-ONjcAMP  Into  the  cell  lyaataa  ,  followed  by  SDS-PACE  and 
autoradiography.  The  alte  aelectlra  cAMP  analoga  are  potent  Inhibitor,  of  tha  growth  of  huaan  cancer 
cell,  and  can  aarve  to  elucidate  the  aachanlana  of  call  growth  regulation. 


288  FUNCTION  OF  THE  CYRl  AHO  RAS2  GENES  IN  YEAST 

Isao  Uno,  Takehiro  Oshlma*,  Hiroshi  Hitsuiawa  and  Tatsuo  Ishikawa; Institute  of  Applied  Hicroblology, 
University  of  Tohyo,  Bunkyo-ku,  Tokyo  113,  Japan ;*Suntory  Institute  for  Biomedical  Research, 
Shlmaanto-cho,  Osaka  618,  Japan 

Regulatory  roles  of  cAHP  In  yeast,  Saccharoiyces  cerevlslae.  have  been  studied  by  Isolation  of 
mutants  requiring  cAMP  and  their  suppressors. The  cyrl  mutants  possessed  no  detectable  levels  of 
aderylate  cyclase  activity  and  cAM>,  and  the  growth  of  cells  carrying  the  cyrl  mutation  was  arrested 
at  the  G1  phase  of  cell  cycle  In  the  absence  of  cAMP.  On  the  other  hand,  5.  cerevislae  contains  two 
closely  related,  but  distinct  genes,  RA51  and  RAS2.  The  rasZ  mutants  produced  a  low  level  of  cAMP, 
and  growth  of  these  mutants  were  suppressed  by  the  bcvl  mutation  which  suppressed  the  cyrl  mutation. 
The  relationship  between  the  cyrl  and  rasZ  mutations  of  yeast  In  production  of  cAMP  was  studied. 
Cloned  CYRl  and  RAS2  genes  were  expressed  In  S.  cerevislae  and  Es^erlchla  coll  cells.  The  products 
of  the  CYR1  and  RAS2  genes  were  reconstituted  GTP-dependent  adenylate  cyclase  In  vivo  and  In  vitro. 

To  determine  the  catlytic  domain  of  the  CYR1  gene  product  and  the  domain  Interacting  with  BXSZ  gene 
product,  several  kinds  of  truncated  CYR1  gene  were  made.  Further  certain  promoters  and  InTtTatlon 
codon  were  connected  to  the  truncated  genes  adjusted  to  their  frame.  Genetical  and  biochemical 
analyses  of  transformants  carrying  these  genes  revealed  that  the  catalytic  domain  of  the  CYR1  product 
was  coded  by  the  3' -terminal  1.2  kb  of  the  gene,  and  the  domain  Interact  with  the  RAS2  product  was 
located  adjacent  to  the  catalytic  domain.  The  results  suggest  that  yeast  GTP-deperi^t  adenylate 
cyclase  Is  composed  of  catalytic  and  regulatory  proteins  encoded  by  the  CYR1  and  RAS2  genes, 
respectively. 
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